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Attached please find the Revised Risk Assessment for Dichlorvos, also known as DDVP 
(PC Code 084001), revised per Public Comments submitted under Phase 3 of the OP Pilot 
Process, in response to the August 9, 2000 Preliminary Human Health Risk Assessment. 
Revisions also have been made to use the NAFTA breathing rate of 1.0 m3 /hr instead of the 
default PHED breathing rate of 1.5 m3 /hr, and Residential SOP recommended breathing rate of 
I. 7 m3 /hr. This change increases the inhalation MO Es, and therefore decreases the estimated 
risk to occupational and residential handlers. The risk assessment has been changed to use the 
recommended body weight of 60 kg instead of 70 kg for the short term risk assessments, because 
the endpoint used is from a developmental study. This slightly increases the estimated exposure 
and decreases the MOEs. Additional risk assessments for alternative uses, along with additional 
explanatory text has been added to the Occupational and Residential Exposure Sections. This 
chapter incorporates information from the toxicology assessment from Sanjivani Diwan, Ghazi 
Dannan and Joycelyn Stewart, the assessments of human incidence data from Jerry Blondell and 
Monica Spann, the residue chemistry assessment from Susan Hummel, the occupational and 
residential exposure assessments from Dave Jaquith, and the dietary risk analyses from David 
Hrdy, Mohsen Sahafayen, and Susan Hummel. Bill Sette, Jess Rowland, Ray Kent, and Steve 
Knizner also contributed to this risk assessment. 

cc: Jack Housenger, Ray Kent, Dave Jaquith, Sue Hummel, Sanju Diwan 

) 



HED Records Center Series 361 Science Reviews - File R042063 - Page 3 of 90 

2 



HED Records Center Series 361 Science Reviews - File R042063 - Page 4 of 90 

HUMAN HEALTH 
RISK ASSESSMENT 

Dichlorvos (DDVP) 

U.S. Environmental Protection Agency 
Office of Pesticide Programs 

Health Effects Division (7509C) 

Susan V. Hummel, Risk Assessor 
Date: June 25, 2001 



HED Records Center Series 361 Science Reviews - File R042063 - Page 5 of 90 



HED Records Center Series 361 Science Reviews - File R042063 - Page 6 of 90 

Risk Assessment Team: 

Lead Risk Assessor: 

Dietary Risk: 

Occupational and 
Residential Exposure: 

Epidemiology: 

Toxicology: 

Management: 

Senior Scientist: 
Branch Chief: 

Division Director: 

Susan V. Hummel, Chemist 

Susan V. Hummel, Chemist 
David Hrdy, Biologist 
Mohsen Sahafayen, Chemist 

David Jaquith, Environmental Scientist 

Jerome Blondell, Health Statistician 
Monica Spann, Environmental Health Scientist 

Sanjivani Diwan, Biologist 
Ghazi Dannan, Pharmacologist 
Joycelyn Stewart, Pharmacologist 

Susan V. Hummel 
Ray Kent 

Margaret J. Stasikowski, Date 

-1-



HED Records Center Series 361 Science Reviews - File R042063 - Page 7 of 90 

-11-



HED Records Center Series 361 Science Reviews - File R042063 - Page 8 of 90 

Table of Contents 

I. Executive Summary ............................................•.......••.• 1 

A. Use and Major Formulations . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
B. Regulatory History ..........•........................................ 1 
C. Hazard Identification and Dose-Response Assessment .............•....... 2 
D. Exposure Assessment ........•...•..........•.••...................... 4 
E. Risk Characterization .......•........................................ 5 

II. Physical and Chemical Properties ..•...•..•........•......•................ 11 

III. Hazard Identification and Dose Response Assessment ..................•......• 12 

A. Toxicity Assessment .•................•.............................. 12 
I. Overview 
ii. FIFRA Guideline Studies 
iii. Literature Studies (Non Guideline) 
iv. Human Studies (Non Guideline) 

B. Dose-Response Assessment ••.•.•..................................... 16 
I. Determination of Susceptibility 
ii. Cancer Classification 
iii. Toxicology Endpoint Selection 
iv. Incident Reports 

IV. Exposure and Risk Assessment ............................................. 28 

A. Dietary Exposure (Food Sources) ...•••.•••............................ 28 
I. Background 
ii. Sources of DDVP Residues on Foods 
iii. Residue Chemistry Studies for Dichlorvos 

B. Dietary Exposure Estimates (Food Sources) ............................. 32 
I. Sources of Residue Data for Estimating Chronic Dietary Exposure to 
Dichlorvos 
ii. Anticipated Residues for Dietary (Food) Exposure 

C. Dietary Risk Estimates (Food Sources). . ....................•........... 38 
I. Acute Dietary Exposure and Risk Estimates 
ii. Chronic Dietary Exposure 
iii. Uncertainties in Dietary Exposure Assessment 

-Ill-



HED Records Center Series 361 Science Reviews - File R042063 - Page 9 of 90 

D. Drinking Water Exposure .....................................•.....• 41 
I. Sources of Dichlorvos Residues in Water 
ii. Fate Properties of Dichlorvos, N aled, and Trichlorfon 
iii. Groundwater 
iv. Surface Water 

E. Drinking Water Risk Estimates ................•..•................... 44 
I. Drinking Water Levels of Comparison 
ii. Drinking Water Risk Estimates 

F. Occupational Exposure and Risk Estimates .............................. 46 
I. Crack and Crevice Treatment in Homes 
ii. Mushroom House 
iii. Greenhouse 
iv. Domestic Animal Premises (food and nonfood) and Direct Animal Sprays, 
Feedlots, Manure Treatment, Garbage Dumps, and Baits 
v. Ornamentals, Turf, and Plants 
vi. Warehouse Treatment 
vii. Insect Traps 

G. Residential Exposure and Risk Estimates ..........•................... 53 
I. Residential Handler 
ii. Residential Post Application 

V. Aggregate and Cumulative Exposure. . .................................... 67 

A. Acute Aggregate Risk ........................•.......•.............•. 67 
B. Short-Term Aggregate Risk .......................................... 67 
C. Intermediate-Term Aggregate Risk ...•......•......................... 68 
D. Chronic Aggregate Risk ............................................. 68 
E. Cumulative Exposure and risk .........•...........................•.. 68 

VI. Risk Characterization .....................•............................. 69 

VII. Data Needs .........................•...•....... ~ •..................... 71 

A. Toxicology .....................................•..........•....•... 71 
B. Product and Residue Chemistry ..•.................................... 72 
C. Occupational and Residential Exposure ..•............................. 72 

VIII. References ........................•.................................... 74 

-IV-



HED Records Center Series 361 Science Reviews - File R042063 - Page 10 of 90 

I. EXECUTIVE SUMMARY 

The Health Effects Division (HED) has conducted a human health risk assessment for the 
active ingredient Dichlorvos (2,2-dichlorovinyl dimethyl phosphate), also known as DDVP, for 
the purposes of making a reregistration eligibility decision. Cumulative risk assessment 
considering risks from other pesticides or chemical compounds having a common mechanism of 
toxicity is not addressed in this document. This risk assessment updates the August 9, 2000 
Preliminary Human Health Risk Assessment and addresses the Public Comments submitted in 
accordance with Phase 3 of the Tolerance Reassessment Advisory Committee (TRAC) 
Organophosphate (OP) Pilot Process. 

A. Use and Major Formulations 

Dichlorvos is an organophosphate insecticide and fumigant registered for use in 
controlling flies, mosquitos, gnats, cockroaches, fleas, and other insect pests. Formulations of 
Dichlorvos include pressurized liquids, granulars, emulsifiable concentrates, total release 
aerosols, and impregnated materials. Dichlorvos is applied with aerosols and fogging equipment, 
with ground spray equipment, and through slow release from impregnated materials, such as 
resin strips and pet collars. 

Dichlorvos is registered to control insect pests on agricultural sites; commercial, 
institutional and industrial sites; and for domestic use in and around homes (i.e., resin strips, 
crack & crevice treatment, home lawns) and on pets. Dichlorvos is used in mushroom houses, 
storage areas for bulk, packaged and bagged raw and processed agricultural commodities, food 
manufacturing/processing plants, animal premises, and non-food areas of food-handling 
establishments. It is also registered for direct dermal pour-on treatment of cattle and poultry. 

The mechanism ofpesticidal action ofDichlorvos is inhibition of cholinesterase. The 
Agency has determined that the adverse effects caused by Dichlorvos that are of primary concern 
to human health are neurological effects related to inhibition of cholinesterase activity. 

B. Regulatory History 

The Agency initiated a Special Review (PD 1) for pesticide products containing 
Dichlorvos on February 24, 1988. At that time, the Agency was concerned that exposure to 
Dichlorvos from registered uses posed an unreasonable carcinogenic risk and that there were 
inadequate margins of exposure for cholinesterase inhibition and liver effects to exposed 
individuals. After evaluation of information submitted through the Special Review Process, the 
Agency conducted another risk assessment for Dichlorvos. In 1995, the Agency concluded that 
Dichlorvos posed carcinogenic risks of concern to the general population from dietary exposure. 
The Agency also concluded in 1995 that Dichlorvos posed risks of concern for cholinesterase 
inhibition to residents and to individuals mixing, loading, and applying this pesticide, as well as 
to those reentering treated areas. Subsequently, the Agency issued a Preliminary Determination 
to Cancel Certain Registrations and Draft Notice of Intent to Cancel the Dichlorvos uses which 
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posed the greatest risks, also called Position Document 2/3 or PD 2/3 (60 FR 50338, September 
28, 1995). 1n its 1995 Preliminary Determination (PD 2/3), the Agency concluded that the risks 
outweighed the benefits for most uses of Dichlorvos and, therefore, recommended a variety of 
measures to reduce those risks. The Agency proposed cancellation of certain uses ofDichlorvos 
and cancellation of other uses unless certain labeling modifications were made to reduce risk. 

The PD 2/3 Federal Register Notice provided for a formal comment period, which closed 
on December 28, 1995. Comments were received, and are contained in a public docket identified 
as "OPP-30000/56." Major comments to the PD 2/3 were submitted to the Agency by Amvac 
Chemical Corporation, the Japanese Resin Strip Manufacturer's Association, grower groups, and 
the general public. Some of the comments contained additional data pertaining to the risks posed 
by Dichlorvos. 

The Agency has also identified newer exposure and toxicity data pertaining to Dichlorvos 
that have become available since publication of the Notice of Preliminary Determination to 
Cancel certain Registrations and Draft Notice ofintent to Cancel (PD 2/3). 1n addition to the 
newer data and information described above, the Food Quality Protection Act of 1996 has 
effectively modified the considerations the Agency uses to assess the risks of pesticides. 
Therefore, the Agency has recently re-evaluated the toxicology and exposure databases for 
Dichlorvos to make a determination of potential special susceptibility of infants and children, as 
mandated by FQP A. 1n addition, the Agency has reviewed new information pertaining to dietary 
exposure and performed a refined dietary exposure assessment. The Agency has also refined the 
occupational and residential exposure assessment for Dichlorvos with new information and new 
methodologies that were previously unavailable. 

The following issues pertaining to the ongoing Dichlorvos risk assessment were presented 
to the FIFRA Science Advisory Panel (SAP) on July 28, 1998: (1) the selection of a 3X FQPA 
safety factor for Dichlorvos and (2) the resin strip exposure assessment. 

The Agency has revised the Dichlorvos risk assessment to incorporate new information 
received to date, to the extent appropriate. This preliminary risk assessment has been conducted 
for Dichlorvos in coajunction with the public review and comment process for all of the 
organophosphate pesticides. 1n Phase 2 of the OP pilot process, error correction comments from 
the registrant were incorporated. This revision incorporates the public comments submitted in 
Phase 3 of the OP pilot process. Comments on the Dichlorvos Preliminary Risk Assessment 
were received from Amvac, NRDC, and Dichlorvos users. Additional exposure analyses were 
conducted for different sizes of resin strips and for pet collars. 

C. Hazard Identification and Dose-Response Assessment 

The toxicology database for Dichlorvos is complete with respect to the OPPTS Guideline 
requirements. There is a new data requirement for a developmental neurotoxicity (DNT) study in 
rats. For acute toxicity, technical Dichlorvos was placed in Toxicity Categories II, I and II, 
respectively for the oral, dermal and inhalation routes and in Toxicity Category III and N for eye 
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and dermal irritation, respectively. Dichlorvos did not cause organophosphate induced delayed 
neurotoxicity (OPIDN) in the hen following single or multiple (28 days) exposures. Following a 
single oral dose to rats, Dichlorvos was associated with a variety of neurological and 
physiological changes. Subchronic and chronic oral exposures in rats and dogs as well as chronic 
inhalation exposure in rats resulted in significant decreases in plasma, red blood cell and/or brain 
cholinesterase activity. The Carcinogenic potential ofDichlorvos has been classified as 
"suggestive" under the 1999 Draft Agency Cancer Guidelines and no quantitative assessment of 
cancer risk is required. Dichlorvos has been shown to be a direct acting mutagen by common in 
vitro bacterial genetic toxicity assays. In addition, Dichlorvos is a direct acting mutagen in in 
vitro mammalian test systems. Dichlorvos seems to also have clastogenic activity in Chinese 
Hamster Ovary (CHO) cells in vitro with or without metabolic activation. On the other hand, 
studies showed that Dichlorvos was not clastogenic in in vivo micronucleus tests. There was no 
evidence of increased susceptibility following in utero exposures to rats and rabbits as well as 
pre/post natal exposure to rats. Also, there was no evidence of abnormalities in the development 
of the fetal nervous system in the studies submitted to the Agency. However, a study in the open 
literature (Mehl et al. 1994), which reported decreased total brain weight in two litters of guinea 
pig pups produced by dams which had been exposed to Dichlorvos twice daily, raised the 
concern for potential increased susceptibility of infants and children. The Mehl, et. al., study has 
many limitations, but the concern raised by the study is supported by other literature studies 
reporting that the pesticide Trichlorfon affects brain development in pigs. Since Trichlorfon 
metabolizes to Dichlorvos, there is a concern that Dichlorvos may affect brain development , and 
that it may do so in ways not measured in standard developmental toxicity tests. Therefore, a rat 
developmental neurotoxicity (DNT) study for Dichlorvos has been required to determine 
Dichlorvos' s effects on brain development. 

The toxicity endpoints used in this document to assess hazards include acute dietary and 
chronic dietary reference doses (Rills), and short-, intermediate- and long-term dermal and 
inhalation. no observed adverse affect levels (NOAELs ). In light of the developing Agency policy 
on use of toxicology studies employing human subjects, HED selected doses and endpoints for 
risk assessment based solely on animal studies. 

Inhibition of cholinesterase activity was the toxicity endpoint selected for acute and 
chronic dietary, as well as intermediate term and long term (chronic) occupational and residential 
risk assessments. Decrease in body weight gain and mortality was the basis for the endpoint 
selected for short term occupational and residential risk assessment, although cholinergic signs 
were seen at higher doses. The UncertaintyFactor(s) ranged from 100 to 300 depending on the 
type of exposure scenario (acute, short term, intermediate term or long term; oral, dermal, or 
inhalation) and the type of exposure assessment (occupational vs. residential). 

The Food Quality Protection Act (FQPA) Safety Factor Committee evaluated the hazard 
and exposure data to determine if the 1 Ox safety factor should be retained. The committee 
determined that the FQPA safety factor could be reduced to 3x. The FQPA safety factor is 
applicable to acute and chronic dietary risk assessments and residential and other non
occupational risk assessments of all durations. The FQP A safety factor was retained based on the 
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data gap for the developmental neurotoxicity study in rats, but reduced to 3x because: 1) the 
standard developmental and reproductive toxicity studies submitted to the Agency showed no 
indication of increased susceptibility of rats, or rabbits to in utero and/or postnatal exposure to 
Dichlorvos; and 2) the dietary (food and drinking water) and non-dietary (residential) risk 
assessments do not underestimate the potential exposures for infants and children from the use of 
Dichlorvos. 

D. Exposure Assessment 

Dietary exposure to Dichlorvos residues may occur as a result of use of Dichlorvos on or 
at a variety of sites, including mushroom houses, bulk-stored and packaged or bagged 
nonperishable processed and raw food, commercial food processing plants, direct dermal pour-on 
treatment to livestock, and livestock premises treatment. Two other pesticides, Naled and 
Trichlorfon, degrade to Dichlorvos through plant and animal metabolism and other processes. 
Residues ofDichlorvos from the use ofNaled are included in the Dietary Exposure Assessment. 
All Trichlorfon field crop food uses have been canceled and associated tolerances revoked, 
therefore, the Agency does not expect measurable Dichlorvos residues from use ofTrichlorfon 
on field crops. The Trichlorfon tolerances on livestock commodities remain; dermal use on beef 
cattle is supported as an import use. Non-detectable Dichlorvos residues in livestock 
commodities are expected as a result of Trichlorfon use, and Dichlorvos was not a significant 
metabolite in the Trichlorfon dermal metabolism study.. Therefore, dietary exposure to 
Dichlorvos residues resulting from use ofTrichlorfon are considered negligible for the purposes 
of this Risk Assessment. 

Most product and residue chemistry data requirements for Dichlorvos have been fulfilled. 
However, the Reregistration data requirements for storage stability (Guideline 860.1380), for 
meat, milk, poultry, and egg studies (Guideline 860.1480), crop field trials (Guideline 860.1500) 
on tomatoes, processing studies (Guideline 860.1520) on tomatoes, and directions for use 
(Guideline 860.1200) have not been fulfilled. The tomato use was not being supported for 
reregistration, but one registrant has indicated willingness to support this use. 

Dietary exposure estimates for Dichlorvos have been refined with residue data from 
USDA's Pesticide Data Program (PDP), FDA surveillance monitoring data and FDA Total Diet 
Study (TDS) data. Anticipated residues for Dichlorvos have been revised to incorporate these 
residue data. 

The Environmental Fate and Effects Division (EFED) evaluated the potential for 
Dichlorvos to contaminate water from the use ofDichlorvos, Naled and Trichlorfon. EFED has 
limited ground water monitoring data for Dichlorvos, Naled, and Trichlorfon from the states of 
California and Hawaii in the "Pesticides in Groundwater" database. These data indicate that 
Naled, Dichlorvos, or Trichlorfon have not been detected in groundwater; however, these data 
were not targeted to the pesticide use area. The SCIGROW model was used to estimate 
concentrations ofDichlorvos, Naled, and Trichlorfon in groundwater. OPP does not have any 
surface monitoring data on the concentrations ofDichlorvos, Naled, or Trichlorfon at the present 
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time. Therefore, the Tier I screening model GENEEC was used to estimate surface water 
concentrations for Dichlorvos resulting from the use ofNaled, Trichlorfon and Dichlorvos. Use 
of the Tier II model (PRZM) was not possible because the use scenario with the highest 
application rate was Trichlorfon application to turf, and PRZM can only be used for agricultural 
sites. 

Occupational and residential exposure scenarios can be described as short term (1-7 
days), intermediate term (7 days to several months), and long term or chronic (several months to 
a lifetime). Most of the Dichlorvos residential exposure scenarios are appropriately described as 
short term, exceptions are resin pest strips and pet flea collars which are long term exposure 
scenanos. 

Exposure assessments for a number of occupational and residential scenarios were 
derived from limited data from the scientific literature, textbooks, knowledge of cultural 
practices, and the Residential SOPs. Other estimates, particularly in the residential environment, 
were derived from chemical specific monitoring data, including biomonitoring of a urinary 
metabolite, in combination with models and literature studies. The Agency considers the 
Dichlorvos occupational and residential exposure estimates to be the best available with current 
methodologies. 

Residential and occupational exposures to Dichlorvos may also result from uses ofNaled 
and Trichlorfon, but are expected to be negligible with the exception of the use of Trichlorfon on 
turf. An exposure model used in the Trichlorfon RED suggests that Dichlorvos exposures from 
turf use of Trichlorfon may be of concern; however, predicted exposures to Dichlorvos do not 
exceed our exposure estimates for the direct use ofDichlorvos on turf .. The only Naled 
residential use is a mosquitocide public health use. For this use the application rate ofNaled is 
very low, and any Dichlorvos formed dissipates rapidly. Further discussion is found in the 
exposure assessment section of this document. 

E. Risk Assessment/Characterization 

Dietarv (food source). The Agency has refined the dietary risk estimates using new 
anticipated residues and a revised acute dietary endpoint. Residues of Dichlorvos in food from 
the use ofDichlorvos, Naled, and Trichlorfon were considered in this risk assessment. 

In both acute and chronic risk assessments, exposure was compared to a population 
adjusted dose, (PAD), which is the reference dose (RID) reduced by the FQP A 3x safety factor. 
HED considers dietary residue contributions greater than 100% of the PAD to be of concern. 
The acute and chronic P ADs are 0.0005 mg/kg/day and 0.00017 mg/kg/day, respectively. 

Acute Dietary (Food). The acute dietary analysis for Dichlorvos (including contribution 
from Naled and negligible contribution from Trichlorfon) was conducted using the Dietary 
Exposure Evaluation Model (DEEM™) software. Results are reported as a percentage of the 
acute Population Adjusted Dose (aPAD) for the 99.9th percentile of the population. The most 
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highly exposed subpopulation was children (1-6) with estimated exposure of67% of the aPAD, 
followed by infants (<l) at 62% of the aP AD. Acute dietary exposure to Dichlorvos from all 
potential sources did not exceed 100% of the aP AD for any subpopulation. and therefore is not of 
acute dietary exposure concern. 

Chronic Dietary <Food). The chronic dietary analysis for Dichlorvos (including 
contribution from Naled and Trichlorfon) was conducted using the DEEM™ software. Chronic 
dietary exposure to Dichlorvos , which was calculated using mean residues and mean 
consumption, was compared to the cP AD. Chronic dietary exposure did not exceed 2% of the 
cP AD for all subpopulations, which is below the Agency's level of concern of 100%. 

Dietary (Water). Monitoring data were not available for the drinking water risk 
assessment. Therefore, estimated environmental concentrations (EECs) ofDichlorvos from the 
use ofDichlorvos, Naled, and Trichlorfon in water were compared with Drinking Water Levels 
of Comparison (DWLOCs) for acute or chronic systemic toxicity. EECs ofDichlorvos in ground 
and surface water were derived from conservative screening level models. A DWLOC is a 
theoretical upper limit on a pesticide's concentration in drinking water in light of total aggregate 
exposure to a pesticide in food, drinking water, and through residential uses. 

Acute Drinking Water. The estimated surface water concentration of 194 µg/L 
Dichlorvos from the use ofTrichlorfon on turf, exceeded the DWLOCacute of 12 µglL for the US 
population and the DWLOCacute of 2 µglL for infants and children. This indicates a potential 
concern and a need to refine the surface water exposure estimates. However, no scenario is 
available for the Tier 2 model for turf use. The modeled groundwater concentrations of 0.0002 
to 0.015 µglL did not exceed the DWLOCacuie for any subpopulation. 

Chronic Drinking Water. For chronic drinking water exposure, no DWLOCc•••nic was 
calculated because the Margins of Exposure (MOE s) for chronic residential inhalation exposure 
to Dichlorvos from resin strips were less than the target MOE, and therefore exceed the Agency's 
level of concern, resulting in a DWLOC of zero. The modeled groundwater concentrations were 
0.0002 to 0.015 µg/L. The modeled surface water concentrations ofDichlorvos and ofNaled and 
Trichlorfon-derived Dichlorvos were 0.06, 2.2 and 26 µglL, respectively. Food and water 
exposure to Dichlorvos from the use ofDichlorvos, Naled, and Trichlorfon, is minimal compared 
with residential exposure. Therefore, any drinking water exposure will add minimally to 
exposures and risks of concern. 

Residential Risk Estimates. Residential risks are estimated for the uses ofDichlorvos 
only. The residential exposure to Dichlorvos from the uses ofNaled and Trichlorfon are 
considered negligible, except from the use ofTrichlorfon on turf, which is discussed in the 
Trichlorfon RED. The Agency has refined residential risk estimates using new information, 
including the Pesticide Handlers Exposure Database (PHED, version 1.1 ), chemical specific data 
included in the ORETF database, the Residential SOPs, and the toxicological endpoints chosen 
by OPP's Hazard Identification Assessment Review Committee. The FQPA 3x safety factor was 
applied to the residential risk assessments. Resulting risk estimates are reported as Margins of 
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Exposure (MOEs). The MOEs are compared to the target MOE, which is 300 for all residential 
exposure scenarios. The exposure and resulting risk is of concern when the MOE is less than the 
target MOE. 

Application with Pressurized Aerosol Spray Can. The Agency estimated the short term 
risk to residents applying the insecticide as an aerosol spray. Pressurized aerosol products 
containing Dichlorvos do not list any clothing requirements, therefore the Agency is assuming 
that Dichlorvos is applied during hot weather when an individual will be wearing the least 
amount of clothing (i.e., shorts and shoes). The MOE of 59 indicates a risk concern; the MOE is 
less than the target MOE is 300. 

Indoor Residential Post-application: All Products, Short Term Exposure. Indoor post 
application exposures for short term exposure scenarios were derived from a single study 
measuring the exposures of individuals performing defined activity patterns following the 
activation of a total release fogger. This study provides a conservative estimate for short term 
exposure scenarios from indoor applications ofDichlorvos. The total exposure from the 
biomonitoring phase, plus amount ofDichlorvos measured on the hands in the passive dosimetry 
phase, was compared to the short term dermal endpoint. The passive dosimetry dose on the 
hands had to be added because the J azzercise® routine does not include hand-to-mouth activity. 
The resulting MOE for this short term exposure was 6.7, indicating a risk concern; the target 
MOE is 300. The Agency considers this to be a conservative estimate for other Dichlorvos short 
term exposure scenarios such as directed applications (crack and crevice treatments). 

Resin Strips. Respiratory exposures resulting from the use of resin pest strips were 
estimated using a scientific literature study (Collins and De Vries, 1973). This is a chronic 
exposure scenario because the resin pest strips are efficacious for 3 - 4 months, and are expected 
to be replaced as needed. Exposure estimates have been revised to incorporate the 
recommendations of the July 30, 1998 FIFRA Science Advisory Panel. Exposure estimates and 
MOEs were calculated for 4 population groups; adult males, adult females, children (age 1-4) 
years; and children (age 5-11 years). The MO Es for a 16 hour per day exposure time ranged 
from 9 to 27, all well below the target MOE of 300. Therefore, these MO Es are all of concern. 
The MO Es for a 2 hour per day exposure time ranged from 70 to 210, also below the target MOE 
of 300. Therefore, these MO Es are all of concern. Additional assessments were conducted. for 
smaller size resin strips. MO Es for the cupboard size resin strip (5.25 g) were 130 for toddlers, 
260 for children 5-11, 310 for adult females, and 360 for adult males. The MOEs for toddlers 
and children 5-11 are less than our target MOE of 300, and still of concern. 

Pet Flea Collars. The assessment for flea collar exposure was derived from a registrant 
submitted study. Respiratory exposures but not dermal exposures were measured in the study. 
Respiratory exposures were estimated for 7 population groups; adult males; adult females; and 
children in various age ranges. The MOEs ranged from 14 to 38 and were all less than the target 
MOE of 300. Therefore, the MOEs are all of concern. There are no data with which to estimate 
dermal exposure from contact with pets, and dermal exposure was not included in the initial 
exposure assessment. An alternative assessment was done for the flea collars, treating the flea 
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collars as a "mobile resin strip." In this assessment, dermal exposure was included as per draft 
ExpoSAC policy, and hand-to-mouth exposure was included. The MO Es ranged from 26 to 130, 
which are all of concern, compared to the target MOE of 300. 

Lawns, Tuif and Ornamental Plants - Post-Application Exposure. Dichlorvos can be used 
. on home lawns and ornamental plants; however, the product can only be applied by a commercial 
applicator, not the homeowner, so no resident applicator assessment is needed. The post
application assessment was obtained by using dislodgeable foliar residue information from three 
foliar residue studies submitted by the registrant, the above mentioned carpet study, and the 
residential Standard Operating Procedures (SOPs). The MOEs, which include both dermal and 
hand-to-mouth exposures, range from 83 to 2800, with an average of210. One of these MOEs 
and the average MOE exceed the Agency's level of concern, although the estimates are 
conservative because they are based on the initial transferable residue at the reentry time, and the 
rapid dissipation ofDichlorvos from turf. 

Lawns, Tuif and Ornamental Plants - Post-Application Exposure from use ofTrichlorfon. 
Exposure to Dichlorvos from the use ofTrichlorfon on lawns was assessed. Dichlorvos residues 
were modeled using the half-lives from the Dichlorvos turf study. MOEs for adults ranged from 
230 to 770. Toddler exposures ranged from 100 to 357, including hand-to-mouth exposure. The 
MOEs from the high end exposures exceed our level of concern, although it should be noted that 
the assessment is conservative, and Dichlorvos residues dissipate rapidly from grass. 

Occupational Risk Estimates. The Agency has refined occupational and residential risk 
estimates using new information, including the Pesticide Handlers Exposure Database (PHED, 
version L 1 ), surrogate data and chemical specific data from the literature, additional information 
on cultural practices in mushrooms and greenhouses, ExpoSAC policies, and the toxicological 
endpoints chosen by OPP's Hazard Identification Assessment Committee. The FQPA 
uncertainty factor of 3x is not applicable to occupational risk assessments. Resulting risk 
estimates are reported as Margins of Exposure (MOEs), and compared to the target MOE, which 
is 100 for all Dichlorvos occupational exposure scenarios. 

Crack and Crevice Treatment. Occupational exposure estimates for certified pesticide 
applicators conducting crack and crevice treatment with Dichlorvos were obtained from PHED 
(VL 1) for this short term exposure scenario. The MOE for crack and crevice treatment in homes 
(by certified pest control operators) of 5 is considered to be of concern when compared to the 
target MOE of 100. 

Mushroom House Application and Re-entry. The Agency has a risk concern for 
Dichlorvos application scenarios involving use of a hand-held fogger (short term exposure, 
MOE 1.4) , hand-held sprayer (intermediate term exposure, MOE 35), backpack sprayer 
(intermediate term exposure, MOE 26 to 28), and a portable sprayer on a cart (intermediate term 
exposure, MOE 10), when compared to the target MOE of 100. The MOE for re-entry at 24 
hours after treatment was 32 (Target MOE 100) and is considered to be of concern, as well. 
MO Es for re-entry intervals longer than 24 hours cannot be calculated, because no data were 
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provided for reentry intervals longer than 24 hours, and no decline in Dichlorvos air 
concentrations was demonstrated. 

Greenhouse Application and Re-entry. Labeled uses permit application ofDichlorvos to 
greenhouse plants by hand-held foggers, total release foggers, and by smoke generators. The 
registrant has recently submitted a request for voluntary deletion of the hand-held fogger use 
under FJFRA Section 6(f). However, the request has not been processed, because clarifications 
were needed on the use patterns being supported. The MOE of 0.66 for this short term exposure 
is of concern, compared to the target MOE of I 00, even after addition of personal protective 
equipment (PPE). Total release foggers and smoke generators are considered to result in 
negligible exposure since the applicator vacates the premises immediately upon activation of the 
foggers. For re-entry to Dichlorvos treated greenhouses (short term exposure) , the MOE for 
total exposure (with re-entry at 10 hours) is 130, which is not considered to be of concern 
compared to the target MOE of 100. 

Animal Premises Treatment, Direct Animal Sprays, Feedlots, Manure Treatment, 
Garbage Dumps, and Baits. Exposure assessments for direct application to dairy cattle using 
handheld sprayers were conducted using PHED VI .1. Inhalation MOEs for this intermediate 
term exposure are not considered to be of concern; dermal MOEs and total MO Es for the 
backpack sprayer (MOE= 120 to 1000) are not of concern, compared to the target MOE of 100. 
Total MO Es for Hand Held Sprayer (MOE= 2000) and Portable Sprayer on a cart (MOE= 600) 
do not indicate a risk concern. There are no data addressing potential reentry into animal 
facilities, but the Agency does not expect reentry into animal facilities to be of concern in 
outdoor facilities, because Dichlorvos is expected to dissipate rapidly, and minimal dermal 
contact is expected. 

Application to Lawns, Turf and Ornamentals. There are products registered for use on 
home lawns, but not for use by homeowners. The reentry to home lawns after treatment is 
provided above under residential uses. The material is usually applied in tank mixtures with 
Chlorpyrifos. We note that the use of Chlorpyrifos on lawns has been canceled. Data from the 
Outdoor Residential Exposure Task Force (ORETF) were used for the assessment. Several 
clothing scenarios were evaluated. Applicator exposure is not of concern for applicators of 
granular formulations wearing coveralls and gloves (MOE= 140) compared to the target MOE of 
100. Applicator exposure is of potential concern for applicators ofliquid formulations wearing 
coveralls and gloves (MOE = 90) compared to the target MOE of 100. Reentry to residential 
lawns is of concern (minimum MOE 25, average MOE 61), compared to the target MOE of300. 

Food Manufacturing Plant Treatment and Re-entry. Dichlorvos can be applied to food 
manufacturing plants with wall-mounted automatic foggers. Short term exposure to 
mixer/loaders through automatic application is expected to be negligible; however, there would 
still be reentry exposure. EPA assumed 24 hours elapsed before reentry is allowed, and that 
workers spend 8 hours per day in the treated area for the next 3 days. The MOE of 5.3 exceeds 
the level of concern, when compared to the target MOE of 100. 
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Warehouse Treatment and Re-entry. Dichlorvos can be applied to warehouses with wall
mounted automatic foggers. Short term exposure to mixer/loaders through automatic application 
is expected to be negligible; however, there would still be reentry exposure. EPA assumed 24 
hours elapsed before reentry is allowed, and that workers spend 60 minutes in the treated area. 
The MOE of 53 is of concern, compared to the target MOE of 100. 

Insect Traps. Exposure is believed to be negligible since the pesticide is in the form of an 
impregnated strip and the traps are placed in outdoor areas (such as forests) where there is no 
human exposure. They are not used in residential settings. 

Aggregate Exposure and Risk. The Agency considered aggregate exposure and risk 
estimates for residents who might be exposed to Dichlorvos from multiple sources, such as 
residential use, food, and water. Residential exposure and risk to Dichlorvos from the use of 
Dichlorvos was included; Dichlorvos contributions from the use ofNaled and Trichlorfon were 
considered negligible, except for Trichlorfon use on turf. (Dichlorvos exposure for this use will 
be considered in the Trichlorfon RED). Food exposure from Dichlorvos from the use of 
Dichlorvos, Naled and negligible contribution from use of Trichlorfon was included. Water 
exposure from the use ofDichlorvos, Naled and Trichlorfon was included. As noted below, the 
chronic exposures from food and the conservative water modeling estimates are negligible 
compared to the exposure from residential use. Nonetheless, the aggregate exposure and risk 
estimates suggest potential drinking water concerns. 

Aggregate Acute Dietary (Food and Water) Exposure and Risk. Acute dietary risk 
estimates include risk from Dichlorvos resulting from the use ofDichlorvos, Naled, and 
Trichlorfon. Acute dietary risk estimates for food alone do not exceed the Agency's level of 
concern. The aggregate acute dietary risk estimate for food and water does, however, exceed the 
Agency's level of concern for the U. S. Population and subpopulations, when Dichlorvos from all 
three pesticides (Dichlorvos, Naled, and Trichlorfon) is considered. 

The DWLOC.,0 ,, for Dichlorvos, resulting from the use ofDichlorvos, Naled, and 
Trichlorfon, is 12 µg/L for the total US Population, 1.9 µg/L for all infants, 1. 7 µg/L for children 
(1-6 years), and 12 µg/L for females (13-50 years). The estimated environmental concentrations 
(EECs) were determined separately for acute exposure and for chronic exposure, and separately 
for Dichlorvos resulting from the use ofDichlorvos, Naled, and Trichlorfon. 

The conservative Tier I estimates of ground water concentration provided by the SCI
GROW model are not of risk concern. For acute drinking water exposure, both the modeled 
groundwater concentrations of0.0002 to 0.015 µg/L for Dichlorvos resulting from the use of 
Dichlorvos, Naled, and Trichlorfon, are less than the DWLOC.,0,, of 12 µg/L for the U. S. 
population and females (13-50), the DWLOC""" of 1.9 µg/L for all infants, and the DWLOCocute 
of 1.7 µg/L for children (1-6 years). However, the estimated environmental concentration of 
Dichlorvos in surface water, resulting from the use ofTrichlorfon on turf, of81.7 µg/L and the 
estimated environmental concentration ofDichlorvos in surface water, resulting from the 
Agricultural uses ofNaled of2.2 µg/L, from the GENEEC models indicates a potential risk 
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concern. This indicates a need to refine the Agency's Tier I surface water EECs. However, 
there is no Tier II scenario for turf, so the surface water estimates cannot be further refined at this 
time. There is no risk concern from the estimated environmental concentration of Dichlorvos in 
surface water, of0.060 µg/L, resulting from the use ofDichlorvos. 

Aggregate Short and Intermediate Term Dietary and Residential Exvosure and Risk. 
DWLOCs were not calculated for aggregate short or intermediate term exposure, because the 
short and intermediate term residential exposure scenarios are associated with risks of concern, 
therefore, the DWLOCs would effectively be zero. However, both the food and water exposure 
that would go into this calculation are negligible compared to the residential exposure. 

Aggregate Chronic Dietary (Food and Water) and Residential Exposure and Risk. 
Chronic dietary exposure and risk estimates from food do not exceed the Agency's level of 
concern. However, the chronic residential inhalation exposure estimates from resin strips exceed 
the Agency's level of concern. Therefore, the DWLOC,""'"" value is effectively zero. The 
DWLOC,hrnnic value is driven by the chronic residential inhalation exposure to Dichlorvos from 
resin pest strips, for which the chronic exposure exceeds our level of concern without 
considering water exposure. Food and water exposure to Dichlorvos is minimal compared with 
residential exposure. Therefore, any water exposure will add mimimally to exposures and risks 
of concern. 

II. Physical and Chemical Properties 

The chemical structure and physical properties ofDic;hlorvos are given below. 

0 
II 

H,CO I 0 '-:o: ,,P'- ~Cl 
OCH3 

Cl 

CAS Registry No.: 
PC Code No.: 
Empirical Formula: 
Molecular Weight: 
Physical State 
Water Solubility 
Vapor Pressure 
Specific Gravity 
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III. Hazard assessment 

A. Toxicology Assessment 

I. Overview 

Based on available information to date, the Agency has determined that the adverse 
effects of primary concern for Dichlorvos are those related to inhibition of cholinesterase 
activity. 

Organophosphate pesticides, such as Dichlorvos, are known to inhibit cholinesterase 
activity and some cause delayed neurotoxic effects. Inhibition of cholinesterase activity can 
result in a number of clinical signs and symptoms, including headaches, dizziness, nausea, 
vomiting, diarrhea and increased urination, blurred vision, pinpoint pupils, increased salivation, 
labored breathing, muscle paralysis, slow heart rate, respiratory depression, convulsions, coma 
and even death. Numerous toxicological studies using laboratory animals are available 
addressing most of these toxicological endpoints for Dichlorvos. 

The Carcinogenic potential of Dichlorvos has been classified as "suggestive" under the 
1999 Draft Agency Cancer Guidelines and no quantitative assessment of cancer risk is required. 

ii. FIFRA Guideline Studies 

The acute toxicity studies for Dichlorvos are summarized in Table 1, and the toxicology 
profile for Dichlorvos is summarized in Table 2. The toxicology database required to support the 
Reregistration ofDichlorvos is essentially complete. All required toxicology studies have been 
submitted and reviewed by Agency scientists, with the exception of a developmental 
neurotoxicity study is rats, which is now being required. In addition to the required studies, the 
registrant recently conducted a voluntary (non-guideline) study in human volunteers. The EPA 
will not rely on these types of studies in making final regulatory decisions until the Agency has in 
place a robust policy that will ensure any such studies meet the highest scientific and ethical 
standards. 
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Table 1. Guideline Acute Toxicity Studies for Dichlorvos 

Toxicity 
Study Type MRIDNo. Results Catee:orv 

Acute Oral - Rat 00005467 LD50 = 80 mg/kg (M) II 
56mg/kg (F) 

Acute Dermal - Rat 00005467 LD50 = 107 mg/kg (M) I 
75 mg/kg (F) 

Acute lnhalation - Rat 00137239 LC,0 = > 0.198 mg/L II 

Primary Eye Irritation 00146921 Mild irritant III 

Primary Skin Irritation 00146920 Mild-irritant IV 

Dermal Sensitization none No study available NA 

Acute Delayed 41004702 Negative for acute delayed neurotoxicity NA 
Neurotoxicity - Hen 

Acute Neurotoxicity- 42655301 NOAEL = 0.5 mg/kg; LOAEL = 35 mg/kg NA 
Rat (Changes in FOB, motor activity) 

No neuropathology 

Table 2. Guideline Toxicology Studies for Dichlorvos in Experimental Animals 

Study Type MRIDNo. Results 

28-Day Delayed 43433501 Cholinesterase inhibition (ChEI) NOAEL = 0.1 
Neurotoxicity- Hen mg/kg/day 

LOAEL = 0.3 mg/kg/day 
(brain ChEI) 

No neuropathology. 

90-Day Subchronic Toxicity - 41004701 NOAEL = 0.1 mg/kg/day 
Rat LOAEL = 1.5 mg/kg/day (plasma and RBC ChEi) 

90-Day Neurotoxicity - Rat 42958101 NOAEL = 0.1 mg/day 
LOAEL = 7.5 mg/kg/day (plasma, red blood cell (RBC) 
and brain ChEI). 

Chronic-Feeding-Dog 41593101 NOAEL = 0.05 mg/kg/day 
LOAEL = 1.0 mg/kg/day (plasma and RBC ChEI in 
both sexes and brain ChEI in males). 
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Study Type MRIDNo. Results 

Chronic toxicity/ 40299401 NOAEL =Not established 
Carcinogenicity-F344 Rats LOAEL = 4.0mg/kg/day (plasma and RBC ChEI) 
(NTP study) Suggestive evidence of carcinogenicity (mononuclear 

cell leukemia in male rats) 

Carcinogenicity-Mouse 40299401 NOAEL =Not established 
LOAEL = 10 mg/kg/day (plasma and RBC ChEI in 
males) 

Developmental Toxicity-Rat 41951501 Maternal toxicity NOAEL = 3 mg/kg/day 
LOAEL=21 mg/kg/day 

(clinical signs, decreased body weight gain and 
reductions in food consumption and efficiency) 
Developmental toxicity NOAEL =;:: 21 mg/kg/day 
(HDT) 
ChEI was not measured. 

Developmental Toxicity- 41802401 Maternal toxicity NOAEL = 0.1 mg/kg/day 
Rabbit LOAEL = 2.5 mg/kg/day 

(mortality, decreased body weight gain and mortality at 
LOAEL; cholinergic signs at 7 mg/kg/day) 
Developmental toxicity NOAEL=;:: 7 mg/kg/day (HDT) 
ChEI was not measured. 

Reproductive Toxicity - Rat 42483901 Parental/Systemic NOAEL = 2.3 mg/kg/day 
LOAEL = 8.3 mg/kg/day 

(decreased % of females with estrous cycle and increased 
% of females with abnormal cycling. 
Offspring NOAEL= 2.3 mg/kg/day; LOAEL = 8.3 

mg/kg/day 
(reduced #darns bearing litter, fertility index, pregnancy 
index and pup weight). 

Mutagenicity · Dichlorvos has been shown to be a direct acting mutagen 
by common in vitro bacterial genetic toxicity assays and 
in in vitro manunalian test systems. Conflicting 
evidence was seen for clastogenic activity in vivo. 

Metabolism-Rat 41228701 The overall metabolic profile suggests the involvement 
41839901 of the one-carbon pool biosynthetic pathway as 

evidenced by the presence of a relatively large amount of 
radioactivity in the form of expired 14C02 and the 
presence of dehalogenated metabolites as well as urea 
and hippuric acid. 
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iii. Literature Studies (Non-guideline) 

In addition to the developmental and reproduction studies submitted to the Agency to 
fulfill the OPPTS Guidelines, HED's Hazard Identification Assessment Review Committee 
(HIARC) evaluated a prenatal developmental toxicity study in guinea pigs that was published in 
the open literature (Mehl et al. 1994). In this study Trichlorfon (125 mg/kg), Dichlorvos (15 
mg/kg, once or twice/day) and several other organophosphates (Dimethoate, TOCP, Soman, and 
Ethyl Trichlorfon) were administered subcutaneously to pregnant outbred albino guinea pigs 
(Ssc: AL, MOI:DHF) between day 42 and 46 of gestation. A dose ofl5 mg/kg Dichlorvos was 
considered the largest dose that could be given without causing cholinergic symptoms in the 
pregnant darns, but it was noted that the mother of the litter that received 15 mg/kg once in 24 
hours had slight symptoms. Offspring were born between day 69 and 72 of gestation. Brain 
weights of pups were determined within 24 hours of birth. Dichlorvos, in both groups dosed 
twice/day produced significant decreases in total brain weight (12-14%) and significant decreases 
in cerebellum, medulla, thalamus/hypothalamus, and the colliculi. In the group given Dichlorvos 
15 mg/kg once daily, total brain weight decreases ( 6%) were not statistically significantly 

decreased, and only the thalamus/hypothalamus (19%) was significantly decreased. For darns 
given Trichlorfon, red blood cell (RBC) cholinesterase inhibition (ChEI). was 64% at 1 hour, 
withrecovery at 24 hours. There were no significant decreases in brain AChEI, glutamate 
decarboxylase, or choline acetyltransferase at either time interval. 

The HIARC reviewed additional open literature data on Trichlorfon, which metabolizes 
to Dichlorvos. The HIARC noted that the decreased brain weight effects in guinea pigs and 
mini-pigs were seen following oral exposure ofTrichlorfon (Berge, GN. et al. 1986; 1987a and 
b; Hjelde, T; et al.1998; Knox, B. et al. 1978; Mehl, N. et al.1994 and Pope, A. et al. 1986). 
Together, these studies show that mid- to !ate-gestational exposures to pigs (or guinea pigs) to 
Trichlorfon in the dose range of50-100 mg/kg for 1-5 days, results in cerebellar and sometimes 
cerebral hypoplasia that is poorly correlated with body weight loss but well correlated with total 
brain weight loss. The Berge study repeatedly reports Purkinje cell loss and other 
histopathological findings, but the Pope study failed to confirm this. The Berge study also found 
decreases in cholinergic and GABA-ergic marker enzymes. After reviewing the open literature 
studies, the Agency concluded that, although the Mehl study had limitations which raised doubts 
about its reliability, the open literature findings could not be dismissed and that additional 
developmental neurotoxicity data in the rat are needed to further assess the developmental 
toxicity potential ofDichlorvos (Diwan, S., et. al., 1999). 

The registrant, AMY AC, provided a list of about 60 studies primarily from the open 
literature on the toxicity and effects ofDichlorvos. These studies were, for the most part, 
published more than 30 years ago, had no supporting data to verify the toxicity endpoints, and 
were not designed for dose-response assessment. While a variety of species (including man) 
were tested, none of the submitted studies had a comparative assessment of man to other species, 
and most human studies lacked the essential quantitative exposure and toxicity assessments 
needed to quantify and characterize the risk. 
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The studies do not add any new information to the relevant database for animal studies 
with Dichlorvos and cannot be used to quantify and characterize the risk; however, together as a 
whole, they suggest (but do not prove) that humans may be less sensitive by the inhalation route 
of exposure to Dichlorvos vapors than the animal models for ChEI. The current inhalation risk 
assessment for Dichlorvos was based on a two-year rat inhalation study (MRID No. 0057695, 
00632569) where THE NOAEL was 0.00005 mg!L (0.05 mg/kg/day) based on plasma, RBC, and 
brain ChE inhibition at the next higher dose of 0.00048 mg/L (0.5 mg/kg/day) (HIARC reports: 
Ghali, G., 12/19/97; Rowland, J., 6/3/98; Rowland, J., 612199; Diwan, S., 6/8/99; and 
Khasawinah, A. and Diwan, S., 9/10/99). For the short-term inhalation exposure risk assessment 
in humans, this NOAEL value may be too conservative, especially after adding the l 0-fold 
uncertainty factor (UF) for intra-species variability. The Arizona ID human exposure monitoring 
study, with repeated measurements of air concentrations ofDichlorvos and of plasma and RBC 
ChE levels, might be a more suitable study for the short-term (one month or less) inhalation 
exposure risk assessment. In this study, where residents spent nearly 50% of their time inside the 
house, the actual NOAEL for human plasma and RBC ChE inhibition seems to be in the range of 
0.0001 mg/L (0.1 mg/m3 or 0.01 mg/kg/day) which is an average of the one air concentration 
measurement in each of the homes in the study. Each home had one 20% Dichlorvos resin 
strip/I 000 cubic feet/month, in accordance with the Dichlorvos label (citation 11, also reviewed 
by J. Stewart and H. Spencer on 4/8/93, HED Document no. 010157). Based on this study, and 
after accounting for the average time spent (- 50%) at home, the NOAEL in humans would be 
approximately equal to the NOAEL in the two-year rat inhalation study (0.00005 mg/L). The 
study was classified core-Supplementary because "as a journal article it was not presented in 
enough detail for complete assessment of the information to be made, although it provides 
valuable information" (J. Stewart andH. Spencer, HED Document no. 010157 dated 4/8/93). 
Additional information on the study pertaining to exposure was submitted, in addition to 
cholinesterase measurements for the participants. 

B. Dose Response Assessment 

I. Determination of Susceptibility 

The HIARC evaluated the toxicology database with regard to increased susceptibility to 
infants and children and concluded that there was no indication of increased susceptibility to rat 
or rabbit fetuses following in utero exposure or to the offspring after pre/post natal exposures to 
Dichlorvos (Ghali 1997, Rowland 1998, Rowland 1999). In all these studies, maternal or 
parental NOAELs were less than or equivalent to the developmental or offspring NOAELs. 
However, based on the published data discussed above, on the effects ofTrichlorfon on pig and 
guinea pig brain development, the HIARC recommended that a developmental neurotoxicity 
study in rats should be conducted with protocol modifications which included examination of 
brain weight. 

The FQPA Safety Factor Committee met on January 18, 2000, and reviewed both the 
hazard and exposure data to determine if the retention of the additional 1 Ox factor is warranted 
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(Tarplee 2000). After carefully considering all the factors, the Committee concluded that a safety 
factor is required for Dichlorvos based on the data gap for the developmental neurotoxicity 
(DNT) study in rats required. However, it was determined that thel Ox FQP A safety factor can 
be reduced to 3x because: 1) the standard developmental and reproductive toxicity studies 
submitted to the Agency showed no indication of increased susceptibility of rats, or rabbits to in 
utero and/or postnatal exposure to Dichlorvos; and 2) the dietary (food and drinking water) and 
non-dietary (residential) risk assessments will not underestimate the potential exposures for 
infants and children from the use of Dichlorvos. 

ii. Cancer Classification 

Dichlorvos has been the subject of several cancer peer reviews by the OPP 
Carcinogenicity Peer Review Committee, the Agency Cancer Risk Assessment and Verification 
Endeavor (CRAVE) Workgroup, and the FIFRA Science Advisory Panel (SAP). The 
Carcinogenic potential ofDichlorvos has been classified as "suggestive" under the 1999 Draft 
Agency Cancer Guidelines and no quantitative assessment of cancer risk is required. The 6th 
Cancer Assessment Review Committee (CARC) meeting for Dichlorvos was held on August 18, 
1999. During the meeting and in followup discussions, it was determined that: 

1) Mononuclear cell lenkemia (MCL) in the male Fischer rat has certain properties in terms 
of variability and reliability which limit its usefulness for human risk assessment. 

2) Forestomach tumors in mice, observed at gavage doses causing inhibition of plasma and 
red blood cell cholinesterase and cholinergic signs, are also limited in their use for human 
risk assessment. 

3) The fact that Dichlorvos is only positive by the gavage route and negative by the inhalation 
route, which is the major route of human exposure, indicates that any classification by the 
oral route may be limited since localized effects in the forestomach may not be applicable to 
human risk assessment. 

iii. Toxicology Endpoint Selection 

The Hazard Identification Committee (HIARC) met on November 13 and 18, 1997, May 
7, 1998, February 18, 1999, May 27, 1999, and August 5, 1999 to evaluate the existing 
toxicology database for Dichlorvos, identify toxicological endpoints and dose levels of concern 
appropriate for use in risk assessments for different exposure routes and durations, and 
assess/reassess the reference dose (RID). A group ofHED Branch Chiefs and Toxicologists met 
on November 19, 1998 and on February 18, 1999, to revisit the inhalation endpoints for 
Dichlorvos. Reports on Dichlorvos (Ghali 1997, Rowland 1998, Rowland 1999, Diwan 1999, 
Khasawinah and Diwan 2000) discussed issues relating to acute and chronic dietary exposures 
and Reference Doses (RfDs), dermal and inhalation exposures, susceptibility (FQPA) issues, and 
the selection of uncertainty factors (UF). The conclusions and toxicology endpoints selected for 
dietary and non-dietary risk assessments are presented in Table 3 below. 
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In addition to the HIARC discussions ofDichlorvos, the Agency received oral comments 
regarding the cholinesterase inhibition endpoint at the July 1998 FIFRA SAP Meeting. The 
Registrant convened a Blue Ribbon Panel on cholinesterase inhibition, and presented the findings 
of that panel at the July SAP meeting. The Agency has informally reviewed the Blue Ribbon 
Panel Report and determined that it pertains to the generic issue of cholinesterase endpoints. 

The Agency has reviewed the body of data concerning the toxicology ofDichlorvos. 
Toxicity endpoints and doses were selected, uncertainty factors were assigned, and Reference 
Doses (Rills) and Population Adjusted Doses (P ADs) were calculated based on animal 
NOAELs. 

The EPA will not rely on oral dosing human studies in making final regulatory 
decisions under FQP A until the Agency has in place a robust policy that will ensure any such 
studies meet the highest scientific and ethical standards. Therefore, the Agency selected doses 
and endpoints to calculate dietary and non-dietary risk in the current assessment based solely on 
animal studies. 

-18-



HED Records Center Series 361 Science Reviews - File R042063 - Page 28 of 90 

Table 3. Doses and Toxicological Endpoints Selected for Risk Assessment ofDichlorvos 

EXPOSURE DOSE (mg/kg/day) ENDPOINT STUDY 
SCENARIO UF Target MOE 

Acute Dietary NOAEL= 0.5 Alterations in Functional Observation Battery (FOB) Acute 
(animal) at 35 mg/kg (LOAEL) Neurotoxicity -

UF = 300' Rat 
FQPA=3 

· Acute RfD = 0.0017 mg/kg/day 
Acute aPAD = 0.0005 mg/kg/day 

Chronic Dietary NOAEL=0.05 Plasma and RBC cholinesterase inhibition in both sexes 1-Year Dog 
and brain cholinesterase inhibition in males (LOAEL = 0.1 

UF = 100 mg/kg/day) 
FQPA=3 

Chronic RID = 0.0005 mg/kg/day 
Chronic cPAD = 0.00017 mg/kg/day 

Short-Term Oral NOAEL = 0.1 Decreases in body weight gain and maternal mortality at Developmental 
Inhalation and 2.5 mg/kg/day (LOAEL); cholinergic signs at 7 mg/kg/day - Rabbit 

Derma lb 
(Animal) UF = 100 Target MOE= 100 Occupational 

FQPA= 3 for Target MOE= 300 Residential 
residential exposure 

lntermediate-T erm Oral NOAEL = 0.05 Inhibition of plasma and red blood cell cholinesterase Chronic 
Inhalation and activity at 0.1 mg/kg/day (LOAEL) at the 12 day Toxicity-Dog 

De rm alb measurement. 
(Animal) 

UF= 100 for Target MOE= 100 Occupational 
occupational 

exposure 

Chronic Dermal None Use pattern indicates no potential Long-Term dermal None 
exposure; risk assessment not required 

Chronic Inhalation 0.05 Plasma, RBC and Brain cholinesterase inhibition (LOAEL = 2-Year Rat 
(0.00005 mg/L) 0.5 mg/kg/day) Inhalation 

UF=100' Target MOE= 100 Occupational 
Study 

FQPA=3 Target MOE= 300 Residential 

'The UF includes 10x for inter-species vanat1on, 10x for intra-species extrapolation, and 3x for the lack of 
cholinesterase measurement. b Since an oral NOAEL was selected for these exposure periods, a dermal absorption 
factor of 11 % should be used. 'The UF includes 1 Ox for intraspecies variation and 1 Ox interspecies variation. 

The critical toxicology study for acute dietary risk assessment is the acute 
neurotoxicity study in rats. Sprague Dawley rats (12/sex/dose) received a single oral dose of 
Dichlorvos (97.8%) at doses ofO, 0.5, 35 or 70 mg/kg. Behavioral Testing (Functional 
Observation Battery (FOB) and Motor Activity) was conducted pretest, 15 minutes after 
treatment, and on study days 7 and 14. Cholinesterase measurements were not performed. The 
NOAEL was 0.5 mg/kg and the LOAEL was 35 mg/kg based on alterations in FOB (gait 
changes, whole body tremors, clonic convulsions, absent forelimb/hind limb grasp, constricted 
pupils and exophthalmus ), decreased motor activity, catalepsy and reduction in body 
temperature. The Uncertainty Factor includes 1 Ox for inter-species extrapolation, I Ox °for 
intra-species variation, and 3x for the lack of cholinesterase measurement. The FQP A safety 
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factor is reduced to 3x. Therefore, the acute Population Adjusted Dose (aPAD) is 0.0005 
mg/kg/day (NOAEL of 0.5 mg/kg/day+ (UF of 300 x FQPA factor of 3). 

The critical toxicology study for chronic noncancer dietary risk assessment is the 
chronic one-year feeding study in dogs (Guideline 83-lb, MRID No. 41593101). Groups of 
beagle dogs were administered Dichlorvos by capsule for 52 weeks at dose levels ofO, 0.1, 1.0 
and 3.0 mg/kg/day. The 0.1 mg/kg/day dose was lowered to 0.05 mg/kg/day on day 22 due to the 
inhibition of plasma cholinesterase noted after 12 days. Plasma cholinesterase was decreased in 
males (21.1%) and females (25.7%) at week 2 in the 0.1 mg/kg/day which was then reduced to 
0.05 mg/kg/day. After week 2, plasma cholinesterase activity was only significantly reduced in 
males (39.l to 59.2%) and females (41.0 to 56.7%) in the mid-dose group and in males (65.1 to 
74.3%) and females (61.1to74.2%)in the high dose group at all other later time intervals. RBC 
cholinesterase activity was reduced in males (23.6%) and females (50.1 %) at week 6 in the low
dose group. This was believed to be a residual effect on RBC cholinesterase of the higher dose 
of 0.1 mg/kg/day, because much less inhibition was observed in this group after week 6. After 
week 6, RBC cholinesterase activity was only significantly decreased in males ( 43.0 to 53.9%) 
and females (38.0 to 51.9%) in the mid-dose group and in males (81.2 to 86.9%) and females 
79.2 to 82.5%) in the high-dose groups at all other later time intervals. Brain cholinesterase 
activity was significantly reduced in males (22%) in the mid-dose group and in males ( 4 7%) and 
females (29%) in the high dose group. The NOAEL and LOAEL selected for chronic dietary risk 
assessment are 0.05 and 0.1 mg/kg/day, respectively, based on plasma and RBC cholinesterase 
inhibition in males and females as early as the first time point measure and brain cholinesterase 
in males. An uncertainty factor of 300 is required to account for interspecies extrapolation 
(!Ox), intraspecies variation (!Ox), and the FQPA safety factor (3x). Therefore, the chronic 
Population Adjusted Dose ( cP AD) was determined to be 0.00017 mg/kg/day (NOAEL of 
0.05 mg/kg/day+ (UF of 100 x FQPA of 3). 

For occupational and residential risk assessment, the dermal absorption rate for 
Dichlorvos was estimated to be approximately 11 % in 10 hours of exposure. This was based on 
the findings of a dermal absorption study in rats (85-2), MRID No. 4143520!. 

The critical study selected for short term dermal risk assessment was the 
Developmental Study in Rabbits. Groups of New Zealand White rabbits (16/dose) received oral 
administration ofDichlorvos (97%) in distilled water at dose levels ofO, 0.1, 2.5 or 7.0 
mg/kg/day during gestation days 7 through 19, inclusive. For Maternal Toxicity, the NOAEL 
was 0.1 mg/kg/day and the LOAEL was 2.5 mg/kg/day based on decreases in maternal body 
weight gain during gestation days 7-19 (approximately 12 days). Although the decreased body 
weight gain was not statistically significant, it was considered to be biologically significant. A 
dose-related increase in maternal mortality also was noted at 2.5 and 7 mg/kg/day. Cholinergic 
signs were observed at 7 mg/kg/day. For Developmental Toxicity, the NOAEL was> 7 
mg/kg/day (highest dose tested) a LOAEL was not achieved. The target MOE is l 00 (1 Ox for 
interspecies variation and l Ox for intraspecies variation) for occupational exposure and 300 for 
residential exposure (includes the additional 3x FQP A safety factor). 
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The critical study selected for risk assessment for intermediate-term dermal 
exposure was the Chronic One-Year Toxicity Study in Dogs, which is discussed above. The 
NOAEL is 0.05 mg/kg/day based on inhibition of plasma cholinesterase at 0.1 mg/kg at 12 days 
and inhibition of plasma and red blood cell cholinesterase activity at 1 mg/kg/day at the 13 week 
measurement. The target MOE is 100 (1 Ox for interspecies variation and 1 Ox for intraspecies 
variation) for occupational exposure. No residential exposure of this duration is expected. 

The HIARC did not select a toxicology endpoint for long term dermal exposure to 
Dichlorvos. The available information on the Dichlorvos use pattern and exposure profile 
indicate that long term dermal exposure will not occur. Therefore, the HIARC determined that 
this type of risk assessment is not required. 

The critical study for inhalation risk assessment for Dichlorvos is an inhalation 
carcinogenicity study in rats (83-2a), MRID No. 0057695, 00632569). Groups of SO/sex/group 
Carworth rats were exposed to atmospheres containing Dichlorvos vapor for 23 hours/day, 7 
days/week at concentrations ofO, 0.05, 0.5, and 5 mg/m3 equivalent to 0.055, 0.5, and 5.0 
mg/kg/day for 2 years. Animals were observed for clinical signs of toxicity, hematology, and 
clinical chemistry. Plasma, RBC and brain cholinesterase activity were determined at study 
termination. There were no toxic signs, and no organ weight or organ to body weight changes, or 
hematological changes attributable to administration ofDichlorvos. Body weights were 
significantly decreased in mid and high dose males up to study termination, and in high dose 
females throughout the study. Plasma, RBC, and brain cholinesterase activity were significantly 
reduced in the mid and high dose groups (76, 72, and 90 and 83, 68, and 90 percent of control in 
mid dose males and females, and to 38, 4, and 21, and 22, 5, and 16 percent of control in the high 
dose male and female groups, respectively). RBC cholinesterase activity was reduced to 88 
percent of control in the low dose females. The NOAEL for cholinesterase inhibition was 0.055 
mg/kg/day and the LOAEL was 0.5 mg/kg/day. This is the same inhalation study which has been 
used by the Agency RfD/RfC Work Group in deriving the Reference Concentration (RfC) for 
Dichlorvos. An Agency RfC document is available on IRIS. 

The study NOAEL of0.05 mg/m3 (or 0.00005 mg/L) was selected for chronic 
inhalation risk assessment scenarios. For inhalation risk assessments for occupational exposure, 
the target MOE is 100 (!Ox for intraspecies variation and lOx for interspecies variation). For 
inhalation risk assessments for residential exposure, the target MOE is 300 (1 Ox for intraspecies 
variation, 1 Ox for interspecies variation, and 3x for the FQP A safety factor). 

iv. Endocrine Disruptor Effects 

EPA is required under the FFDCA, as amended by FQP A, to develop a screening 
program to determine whether certain substances (including all pesticide active and other 
ingredients) "may have an effect in humans that is similar to an effect produced by a naturally 
occurring estrogen, or other such endocrine effects as the Administrator may designate." 
Following the recommendations of its Endocrine Disruptor Screening and Testing Advisory 
Committee (EDS TAC), EPA determined that there was scientific bases for including, as part of 
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the program, the androgen and thyroid hormone systems, in addition to the estrogen hormone 
system. EPA also adopted EDSTAC's recommendation that the Program include evaluations of 
potential effects in wildlife. For pesticide chemicals, EPA will use FIFRA and, to the extent that 
effects in wildlife may help determine whether a substance may have an effect in humans, 
FFDCA authority to require the wildlife evaluations. As the science develops and resources 
allow, screening of additional hormone systems may be added to the Endocrine Disruptor 
Screening Program (EDSP). 

When the appropriate screening and/or testing protocols being considered under the 
Agency's EDSP have been developed, Dichlorvos may be subjected to additional screening 
and/or testing to better characterize effects related to endocrine disruption. 

v. Incident Reports 

The Agency has conducted a review of reported poisoning incidents associated with 
human exposure to Dichlorvos. The Agency has consulted the following data bases for the 
poisoning incident data on the active ingredient Dichlorvos: (1) the OPP Incident Data System, 
which contains anecdotal reports of incidents from various sources, including registrants, other 
federal and state health and environmental agencies and individual consumers, submitted to OPP 
since 1992, (2) Poison Control Center Data for 28 organophosphate and carbamate chemicals for 
the years 1985 through 1992, (3) California Department of Food and Agriculture reports 
(superceded by the Department of Pesticide Regulation), which contain uniform data on 
suspected pesticide poisonings collected since 1982, and (4) National Pesticide 
Telecommunications Network (NPTN), which is a toll-free information service supported by 
OPP. In addition, the Agency has received public comments regarding poisoning incidences 
associated with Dichlorvos as comments to the Proposed Notice of Intent to Cancel (PD 2/3). 
Specific comments on incidences were received from Amvac Chemical Corporation, the 
Japanese Resin Strip Manufacturer's association, and two private citizens, Arturo Haran and Eric 
Levine. 

Exposure to Dichlorvos has resulted in poisoning incidents. Dichlorvos has widespread 
use patterns in the home and agricultural environments. Many of these uses (e.g., poultry houses) 
are atypical of most organophosphates, which makes it difficult to compare the risk. According 
to California data, it appears that a majority of cases involved illnesses to workers indoors that 
entered a facility previously fumigated with Dichlorvos. Often exposure results from inadequate 
ventilation before persons are allowed in or near the treated area or lack of proper personal 
protective equipment (PPE). 

Dichlorvos can cause systemic illness, including respiratory effects, to individuals 
who are exposed after fumigation. 
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I. Agency Review of Incident Reports 

Incident Data System. The Agency's incident data system has 6 reports of 
poisoning incidences associated with Dichlorvos use between 1992 and 1998; the majority of 
these incidences were associated with misuse. These cases do not have documentation 
confirming exposure or health effects unless otherwise noted. 

Poison Control Center Data. Dichlorvos was one of 28 organophosphate 
chemicals for which Poison Control Center (PCC) data were requested. There was a total of 
19,666 Dichlorvos cases in the Poison Control Center (PCC) data base from 1985 to 1992. Of 
these, 316 cases were occupational exposure; 259 (82.0%) involved exposure to Dichlorvos 
alone and 57 (18.0%) involved exposure to multiple chemical products including Dichlorvos. 
There were a total of9043 adult non-occupational exposures; 8575 (94.8%) involved this 
chemical alone and 468 (5.2%) were attributed to multiple chemical products. Workers who 
were indirectly exposed (not handlers) were usually classified as non-occupational cases. In this 
analysis, four measures of hazard were developed based on the Poison Control Center data, as 
listed below: 

1. Percent of all accidental cases that were seen in or referred to a health care facility 
(HCF). 

2. Percent of these cases (seen in or referred to HCF) that were admitted for medical care. 

3. Percent of cases reporting symptoms based on just those cases where the medical 
outcome could be determined. 

4. Percent of those cases that had a major medical outcome which could be defined as 
life-threatening or resulting in permanent disability. 

Exposure to Dichlorvos alone or in combination with other chemicals was 
evaluated for each of these categories, giving a total of 8 measures. A ranking of the 28 
chemicals was done based on these measures with the lowest number being the most frequently 
implicated in adverse effects. Dichlorvos did not rank in the top 7 for any category. Table 4 
presents the analyses for occupational and non-occupational exposures. 

Dichlorvos had average or below average evidence of effects compared to other 
organophosphate insecticides (Blondell 1994). For non-occupational exposure, six life
threatening cases were reported for exposure to Dichlorvos alone and eight life-threatening cases 
were reported which involved exposure to Dichlorvos and other products (Table S below). 
Among cases seen in a health care facility, Dichlorvos cases were much less likely to be 
hospitalized than the other insecticides. On other measures of hazard (percent seen in a health 
care facility or percent with symptoms), Dichlorvos had percents similar to the median for other 
cholinesterase inhibitors (Blondell 1994). 
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A separate analysis of the number of exposures in children five years of age and 
under from 1985-1992 was conducted. For Dichlorvos, there were 10307 incidents; 10070 
involved exposure to Dichlorvos alone and 237 involved other pesticide products as well. 
Compared to 14 other organophosphates and carbamates that 25 or more children were exposed 
to, Dichlorvos cases were less than half as likely to be seen in a health care facility or require 
hospitalization. Symptoms, however, occurred just as often for Dichlorvos and there were four 
life-threatening cases reported in children under age six. 

Table 4. Measures of Risk From Occupational and Non-occupational Exposure to Dichlorvos · 
UsmgP01son C I fr 9 9 a ontro Center Data om 1 85-1 92 

Occunat:ional Exnosure Non-occupational Exposure 

Percent Seen in HCF 

Single chemical exnosure 51.4 (68.2) 24.0 (44.0) 

Multinle chemical e.xoosure 50.3 (69.8) 24.9 (46. ]\ 

Percent Hospitalized 

Single chemical exposure 9.8 (12.2) 5.4 (9.9) 

Multinle chemical exnosure 10.7 (14.3) 6.0 m.6) 

Percent with Svmntoms 

Sin<>le chemical exnosure 81.8 (85.8) 69.5 (74.0) 

Multinle chemical exoosure 84.4185.8) 70.3 (75.2) 

Percent with Life-threatening Symptoms 

Sinitle chemical exnosure 0.6b(O.O) 0,Jb f0.0) 

Multiple chemical exposure 0.5b(0.5) 0.lb (0.05) 

•Extracted from Blondell 1994; number m parentheses is median score for that category. 
bThe percent calculated here is based on a single case for a single chemical exposure. The percent calculated here is based on between 6 to 8 cases for multiple 
chemical exposures. 

CalifOrnia Pesticide Illness Surveillance Data (1982 to 1995). Detailed 
descriptions of 227 cases submitted to the California Pesticide Illness Surveillance Program 
(1982-1995) were reviewed. In 62 of these cases, Dichlorvos alone was judged to be responsible 
for the health effects. Only cases with a definite, probable or possible relationship were 
reviewed. Dichlorvos ranked 27th as a cause of systemic poisoning in California. One 
individual was hospitalized between 1982 and 1995. Table 5 presents the types of illnesses 
reported by year. A total of 51 of 62 people had systemic illnesses (82.3%). 

Table 6 gives the total number of workers who took time off work as a result of their illness, the 
total number of these workers who were hospitalized, and the length of hospitalization. A variety 
of worker activities were associated with exposure to Dichlorvos as illustrated in Table 7 below. 
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Table 5. Cases Due to Dichlorvos Exposure in California, 1982-1995. 

Illness Type 

Year Systemica Eye Skin Respiratory Combinationb Total 

1982 8 I 2 - - 11 

1983 6 I 2 - - 9 

1984 2 - - - - 2 

1985 6 I - - - 7 

1986 2 - - - - 2 

1987 - - - - - -

1988 2 - - - - 2 

1989 I - - - - I 

1990 2 - - I - 3 

1991 I - - - - l 

1992 5 - - - - 5 

1993 4 - - - - 4 

1994 II - - 2 1 14 

1995 I - - - - I 

Total 51 3 4 3 I 62 
. 

a Category includes cases where skin, eye, or respiratory effects were also reported. b Category includes combined initative 
effects to eye, skin, and respiratory system 

Table 6. Number of Persons Disabled (taking time off work) or Hospitalized for Indicated 
Number ofDays After Dichlorvos Exposure in California, 1982-1995. 

Number of Persons Disabled Number of Persons Hospitalized 

1 day 5 -

2 days 2 l 

3-5 days 4 -

6-10 days - -

> 10 days 2 -

Unknown 4 2 
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bl Ta e7. Ill nesses b A .. C y ct1vtty ategones ti n· hl or lC orvos E . c l"fi xposurem a i omia, 1982 1995 -

Illness Cateeory 
Activity Category' 

Systemicb Eye Skin Respiratory Combination" Total 

Applicator 6 1 1 - - 8 

Mixer/loader I - - - - I 

Clean/Fix - - - I - I 

Coincidental 2 - - - - 2 

Sorav Drift Exnnsure 3 - - - 1 4 

Pesticide Handling 9 - - - - 9 
between Packaging and 
End Use 

Chamber Fumigation I - - - - I 

Manufacturing/ I - - - - I 
Formulation Plant 
Workers 

Field Worker 2 - 1 - - 3 

Structural Treatment 15 - - 2 - 17 

Miscellaneous II 2 2 - - 15 
Nonoccupational 
Exposure 

Total 51 3 4 3 1 62 

a Clean/Fix= clean and/or repainng pest1c1de contarmnated equipment; Co1nc1dental= co1nc1dental; Spray drift exposure= 
exposure to pesticide that has drifted from intended targets; Persons handling pesticide products between packaging and end-use, 
self explanatory; Chamber fumigation and manufacturing/formulation plant workers are self explanatory; Mixer/loader= mixing 
and/or loader of pesticide concentrates and dilute pesticides; Miscellaneous= non-occupational miscellaneous exposure; field 
worker and structural treatment are self explanatory. 
~ Category includes cases where skin, eye, or respiratory effects were also reported 
c Category incJudes combined irritative effects to eye, skin, and respiratory system 

According to the above activity categories, workers exposed to residue of 
structural treatment and miscellaneous non-occupational exposure were associated with the 
majority of the exposures. Most such cases involve indoor workers exposed to residues from a 
fogger or spray-type application. A number of cases resulted due to faulty equipment. Structural 
treatment with Dichlorvos was associated with illnesses that included symptoms of shortness of 
breath, difficulty breathing, chest tightness and pain, loss of concentration, headaches, dizziness, 
and several other symptoms. The miscellaneous nonoccupational exposure category was 
associated with illnesses that included symptoms of difficulty breathing, contact dermatitis on the 
face and nose, chemical conjunctivitis of the eyes, headaches, nausea, and several other 
symptoms. 
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National Pesticide Telecommunications Network (NPTN). As stated previously, 
NPTN is a toll-free information service supported by OPP. A ranking of the top 200 active 
ingredients for which telephone calls were received during calendar years 1984 to 1991 has been 
prepared. The total number of calls was tabulated for the categories human incidents, animal 
incidents, calls for information, and others. On the list of the top 200 chemicals for which NPTN 
received calls from 1984-1991 inclusively, Dichlorvos was ranked 18th with 188 incidents 
reported in humans and 32 incidents reported in animals (mostly pets). 

ii. Public Comments on Incidents 

The Agency received additional information on poisoning incidences associated 
with Dichlorvos as comments to the PD 2/3. Specific comments on incidences were received 
from Amvac Chemical Corporation, the Japanese Resin Strip Manufacturer's Association, and 
two private citizens, Arturo Haran and Eric Levine. Amvac submitted a review of human 
incident data for Dichlorvos (Feiler 1995), and the Japanese Resin Strip Manufacturer's 
Association submitted data on poisoning incidences involving Dichlorvos resin strips. Arturo 
Haran submitted an anecdotal report of health effects and Eric Levine submitted a comment 
about the potential carcinogenicity ofDichlorvos. The Agency has reviewed this new 
information (Blondell 1996). The Agency's conclusions are summarized below. 

Data reported by the American Association of Poison Control Centers (AAPCC) 
concerning exposure to single products with Dichlorvos often contain other active ingredients. 
AAPCC reported 21,006 exposures to single products containing Dichlorvos. Most of these 
exposures involve homeowner use products that contained Dichlorvos in combination with other 
insecticides such as propoxur, pyrethrins, or piperonyl butoxide. In these cases involving 
Dichlorvos in combination with other pesticides it is incorrect to attribute any resulting toxicity 
solely to Dichlorvos. 

Dichlorvos resin strips account for a very small proportion of total incidences, 
about 33 cases per year (1 % of total incidences). Incidence reports involving exposure to resin 
strips usually do not involve any significant acute symptoms that would require medical 
treatment (Blondell 1996). 

Eric Levine commented on epidemiological evidence linking use of Dichlorvos 
resin strips with childhood cancer. Two epidemiologic studies have reported an association 
between exposure to Dichlorvos resin strips and childhood cancer. These studies by Liess and 
Savitz (1995) and Davis et al (1993) have been reviewed by the Agency (Blondell 1996). 
Reviews of these studies have identified biases and confounders that could explain the observed 
associations. The Agency concludes that the biases are a more likely explanation for the findings 
of increased cancer than exposure to resin strips. Additional studies that correct for the control 
of potential biases and problems of exposure determination are needed before an association 
between Dichlorvos and childhood cancer can be established. 
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IV. Exposure and Risk Assessment 

A. Dietary Exposure (Food Sources) 

I. Background 

Dietary (food) exposure to a pesticide depends on two components: the amount 
of pesticide residue on a commodity and how much of that commodity is consumed. In 
estimating Dichlorvos residues on food for the PD 2/3, the Agency relied on a variety of data for 
Dichlorvos, including tolerance levels (the legal maximum residue) and field trial data (measured 
residues resulting from actual pesticide application). These estimated residues can be further 
refined by taking into account the effects of processing and cooking on treated foods, and by 
estimating the percent of the crop that is treated. The current dietary (food) exposure and risk 
assessment is bas.ed primarily on monitoring data (both regulatory enforcement data and 
statistically based sampling data) and dietary intake surveys. Both the acute and chronic dietary 
exposure assessments are highly refined. 

For the acute and chronic dietary exposure analyses, the Agency used the Dietary 
Exposure Evaluation Model (DEEM™), which incorporates consumption data generated in 
USDA's Continuing Surveys of Food Intakes by Individuals (CSFII), 1989-1992. For acute 
dietary risk assessments, the entire distribution of single day food consumption events is 
combined with either a single residue level (deterministic analysis) or a distribution of residues 
(probabilistic analysis, referred to as "Monte Carlo," risk at the 99.9th percentile of exposure 
reported) to obtain a distribution of exposures in mg/kg bw/day. For chronic dietary exposure 
analysis, the three day average daily consumption for each subpopulation is multiplied by an 
average residue estimate (either a tolerance level or anticipated (mean) residue) for each 
commodity to obtain the average dietary (food) exposure in mg/kg/day. 

ii. Sources of Dichlorvos Residues on Foods 

Dietary exposure to Dichlorvos residues may occur as a result of use on or at a 
variety of sites, including mushroom houses, warehouses containing bulk-stored and packaged or 
bagged nonperishable processed and raw food, commercial food processing plants, groceries, 
direct animal treatment, and livestock premise treatment. As a result, Dichlorvos residues may 
be found in bulk stored and packaged or bagged non perishable processed or raw food. 
Dichlorvos residues may also be found in mushrooms and in. livestock commodities, such as 
meat, milk, meat byproducts, poultry, and eggs. In addition, a Dichlorvos registrant has 
expressed interest in supporting use on tomatoes. 

Two other pesticides, Naled and Trichlorfon, degrade to Dichlorvos through plant 
and livestock metabolism, and non-biological reactions. The Agency does not expect 
measurable Dichlorvos residues from Trichlorfon because all Trichlorfon food uses on field 
crops have been canceled and associated tolerances revoked, and non-detectable residues were 
found in livestock dermal studies. 

-28-



HED Records Center Series 361 Science Reviews - File R042063 - Page 38 of 90 

Three factors will significantly affect dietary exposure to Dichlorvos from 
registered uses ofNaled; these include, the pre-harvest interval (PHI), the condition and length of 
storage, and cooking and processing. Plant metabolism studies show that Dichlorvos residues 
are formed 1 to 3 days after treatment with Naled; however, Dichlorvos residues decline to less 
than the limit of detection (0.01 to 0.05 ppm) 7 days after treatment. In general, registered uses 
ofNaled have PHis of less than 7 days. Because of the short PHis for Naled products, 
measurable residues ofDichlorvos may be present in the diet from Naled treated food. As a 
result, the dietary (food) exposure assessment for Dichlorvos includes residues of Dichlorvos 
resulting from the application ofNaled. 

Dietary exposure estimates for acute and chronic dietary exposure assessments 
have been refined with residue data from USDA's Pesticide Data Program (PDP), FDA 
surveillance monitoring data, and FDA Total Diet Study (TDS) data, processing and cooking 
studies, and percent of crop treated information. 

iii. Residue Chemistry Studies for Dichlorvos 

Residue chemistry studies for Dichlorvos provide valuable information on 
Dichlorvos residues in foods. These studies are submitted to satisfy FIFRA guidelines for 
pesticide registration as described in the OPPTS Test Guidelines, Series 860. Key studies on the 
nature and magnitude ofDichlorvos residues in food are summarized below. Similar studies 
have been conducted for Naled and Trichlorfon. 

Nature of the Residue - Plants (GLN 860.1300): The reregistration requirements 
for plant metabolism are fulfilled. The Agency determined that the available data depicting the 
metabolism ofNaled in plants are sufficient to delineate the metabolism ofDichlorvos in plants 
because Dichlorvos is the initial metabolite ofNaled. In plants, Naled is metabolized to 
Dichlorvos which is hydrolyzed to dimethyl phosphate or dichloroacetaldehyde. Dimethyl 
phosphate is sequentially degraded to monomethyl phosphate and inorganic phosphates, and 
dichloroacetaldehyde is converted to 2,2-dichloroethanol which is then conjugated and/or 
incorporated into naturally occurring plant components. The residue of concern in plant 
commodities is Dichlorvos. 

Nature of the Residue-Animals (GLN 860.1300): The reregistration 
requirements for animal metabolism are fulfilled. Acceptable studies depicting the qualitative 
nature of the residue in ruminants and poultry following dermal treatment with Dichlorvos have 
been submitted and evaluated. Because Dichlorvos is the initial metabolite ofNaled, the 
available metabolism studies reflecting oral dosing of ruminants and hens with Naled are 
sufficient to delineate the metabolism of orally dosed Dichlorvos in animals. The residue of 
concern in animal commodities is Dichlorvos. 

Residue Analytical Methods (GLN 860.1340): Adequate methods are available 
for tolerance enforcement. The Pesticide Analytical Manual (PAM) Vol. II lists a GC method 
(with flame photometric detection; Method I) for the determination ofDichlorvos in plant and 
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animal commodities. An additional GC method (Method II) using electron capture detection is 
listed for the determination ofDichlorvos and Naled in plant and animal commodities; this 
method is also an enforcement method for Naled. A GC method using microcoulometric 
detection is listed as Method A. This method determines total residues ofDichlorvos and Naled 
via hydrolysis ofNaled residues to Dichlorvos; however, the method can be modified to 
determine Naled and Dichlorvos separately. 

Adequate methods are also available for data collection. In general, GC methods 
similar to the enforcement methods (using a variety of detectors capable of measurement of 
Dichlorvos), enzyme inhibition colorimetric methods, or methods based on measurement of 
small changes in pH (in the presence of an enzyme inhibitor) were used for data collection. 
Adequate method validation data have been submitted for the data collection methods. 

Multiresidue Methods (GLN 860.1360): The reregistration requirements for 
Multiresidue Method data are satisfied. The 2/97 FDA PESTDATA database (PAM Volume I, 
Appendix I) indicates that Dichlorvos is completely recovered (>80%) using Multiresidue 
Method Section 302 (Luke Method; Protocol D). Dichlorvos is not recovered using Multiresidue 
Method Sections 303 (Mills, Onley, Gaither Method; Protocol E, non-fatty foods) and 304 (Mills 
Method; Protocol E, fatty foods). However, Dichlorvos is an 'early eluter' and requires low 
temperature chromatographic conditions. Consequently, fewer samples are analyzed by FDA for 
Dichlorvos than are typically analyzed by the Luke multiresidue method. 

Storage Stability Data (GLN 860.1380): The reregistration requirements for 
storage stability data are not fulfilled. Information pertaining to the storage intervals and 
conditions of samples of the following commodities, from studies that were reviewed in the 
Residue Chemistry Chapter of the Guidance Document, must be submitted: packaged and 
bagged raw agricultural commodities and processed food; bulk stored raw agricultural 
commodities; milk; eggs; and meat, fat, and meat byproducts of dairy cows and poultry. 
Alternatively, the registrant may demonstrate that there are sufficient residue data which are 
supported by storage stability data to support all registered uses ofDichlorvos. 

The available storage stability data indicate that residues ofDichlorvos are stable 
under frozen storage conditions for up to 90 days in/on plant commodities, up to 4.5 months 
inion peanuts, and up to 8 weeks in animal commodities. 

Crop Field Trials (GLN 860.1500): The reregistration requirements for 
magnitude of the residue inion mushrooms are fulfilled. The only crop use ofDichlorvos that the 
registrant is supporting for reregistration is use in mushroom houses. Therefore, the previously 
required data for cucumbers, lettuce, radishes, tomatoes, and tobacco are no longer required, 
provided these uses are removed from all Dichlorvos labels. However, a registrant has expressed 
interest in supporting use on tomatoes. This triggers the requirement for crop field trials on 
tomatoes. 
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Adequate magnitude of the residue data are available for the aspirated grain 
fractions of com, rice, and wheat, and data for soybean aspirated grain fractions can be translated 
from the available grain dust data. These data indicate that a tolerance for aspirated grain 
fractions is required. 

Processed Food/Feed (GLN 860.1520): The reregistration requirements for 
magnitude of the residue in the processed commodities of the following crops have been 
fulfilled: field com, cottonseed, peanuts, rice, soybeans, and wheat. The available data indicate 
that a tolerance for soybean hulls is required. Because the registrant is not supporting pre- or 
post-harvest use ofDichlorvos on tomatoes, data for tomato processed commodities are no 
longer required. However, another registrant has expressed interest in supporting use on 
tomatoes, which triggers the requirement for processing data 

Milk and the fat, meat, and meat byproducts of cattle, goats, hogs, horses, and 
sheep (GLN 860.1480): Direct Dermal uses: Cattle, goat, hogs, horses, and sheep may be both 
dermally treated, through direct pour on treatment and/or treatment of their premises, and orally 
exposed to Dichlorvos. Adequate dermal magnitude of the residue studies have been submitted 
and evaluated for cattle. Residues were nondetectable (<0.01 ppm) in tissues and milk following 
treatment at lx the maximum registered rate. Livestock Premise Treatment: Applications are 
made as a mist or fog to livestock premises, while the livestock are present, thus, direct livestock 
contact is occurring. 

Secondary Residues: The maximum theoretical dietary burdens ofDichlorvos 
to beef and dairy cattle are 7.0 and 6.5 ppm, respectively (see Table 8 below). 

Table 8. Calculation of maximum ruminant dietary burden for Dichlorvos. 

Reassessed Beef Cattle Dairy Cattle 

Tolerance %Dry %of Burden %of Burden 
Feed Commodity (ppm) Matter Diet (ppm) Diet (ppm) 

Wheat, grain 4.0 89 50 2.25 40 1.80 

Wheat, aspirated grain 20 85 20 4.71 20 4.71 
fractions 

TOTAL 70 6.96 60 6.51 

An adequate feeding study, reflecting dosing of dairy cattle at 2, 6, and 20 ppm, has been 
submitted and evaluated. Residues were nondetectable (<0.01 ppm) in tissues and milk at all 
dosing levels. It was concluded that the cattle feeding study could be translated to swine because 
the metabolism ofDichlorvos in swine was not expected to be different than the metabolism of 
Dichlorvos in cattle and poultry, which were similar. The ruminant feeding studies support the 
classification of category 3 of 40 CFR § l 80.6(a), having no reasonable expectation of finite 
residues in livestock tissues from consumption of Dichlorvos treated feeds. 
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Eggs and the fat, meat, and meat byproducts of poultry: Direct Dermal 
Treatment: Poultry may be both dermally, through direct pour on treatment and/or treatment of 
their premises, and orally exposed to Dichlorvos. Adequate dermal magnitude of the residue 
studies have been submitted and evaluated for poultry. Residues were nondetectable ( <0.02-
<0.05 ppm) in poultry tissues and egg, following treatment at levels O. l-6.6x the maximum 
registered rate; detectable residues of up to 0.08 ppm were only observed in poultry skin samples 
from the 6.6x rate. Premise Treatment: Applications are made as a mist or fog to livestock 
premises, while the livestock are present; thus, direct livestock contact is occurring. 

Secondary Residues: The maximum theoretical dietary burden ofDichlorvos to 
poultry is calculated to be 6.20 ppm based on a diet consisting of20% soybeans hulls (15-ppm 
reassessed tolerance) and 80% wheat grain. An adequate feeding study, reflecting dosing of 
laying hens at 2, 6, and 20 ppm, has been submitted and evaluated. Residues were nondetectable 
(<0.01 ppm) in tissues and eggs at all dosing levels. The poultry feeding study supports the 
classification of category 3 of 40 CFR § l 80.6(a), having no reasonable expectation of finite 
residues in poultry tissues from the consumption ofDichlorvos treated feed. 

Reduction of Residue Studies. The Reregistration requirements for reduction of 
residue studies are fulfilled. Adequate cooking studies with meat, egg, milk, dried beans, cocoa 
beans, coffee beans, and tomatoes have been submitted and evaluated. These studies indicate 
that Dichlorvos residues decrease during cooking, and that the loss is correlated with time and 
temperature of cooking. The available cooking data can be translated to similar food products 
cooked under similar conditions. 

Adequate degradation studies with bulk stored raw and processed commodities of 
dried beans, field com, flour, oats, peanuts, soybeans, sugar, and walnuts also have been 
submitted. A decline in the level ofDichlorvos residues was observed in all commodities except 
peanuts. Walnuts had no detectable residues. Adequate degradation studies with similar 
packaged and bagged raw and processed commodities were additionally submitted. A decline in 
the level of Dichlorvos residues was reported for packaged dried beans and sugar. Some 
information was provided of typical total storage times, frequency of applications, and rates of 
application (g/1000 cu. ft.). 

B. Dietary Exposure Estimates 

I. Sources of Residue Data for Estimating Dietary Exposure to 
Dichlorvos 

Sources of data to estimate the levels of residues of pesticides in food include the 
following: tolerances (legal limits), controlled field trial data, Food and Drug Administration 
(FDA) surveillance and compliance monitoring data, FDA Total Diet Study data (market basket 
survey based on a random sampling of residues on food in grocery stores), US Department of 
Agriculture (USDA) Pesticide Data Program (PDP), and USDA/FSIS (Food Safety Inspection 
Service) livestock monitoring data (Hummel, 1998a, Hummel 2000). The estimated levels of 

-32-



HED Records Center Series 361 Science Reviews - File R042063 - Page 42 of 90 

residues can then be adjusted for the effects of processing using processing studies, including 
conunercial processing studies, washing studies, cooking studies, and residue degradation 
studies. Of these sources, the Agency relied on tolerance levels and field trial data (adjusted for 
the effects of processing and cooking) to estimate dietary exposure to Dichlorvos in the PD 2/3. 
At the time of the PD 213, the monitoring data available for Dichlorvos were very limited. In this 
updated assessment, anticipated residues based on some tolerances plus field trial and monitoring 
data were used. No monitoring data were available for livestock conunodities except milk. 

(a). Field Trial Data. Data from controlled field trials which reflect 
currently registered uses are available for mushrooms. Data from direct dermal pour-on 
treatments to cattle and poultry are discussed in the Dichlorvos Registration Standard. Field trial 
data are available for packaged or bagged food, use in food manufacturing and processing 
facilities, and for secondary residues in livestock conunodities. Adequate field trial data are not 
available for tomatoes. 

(b ). FDA Surveillance and Compliance Monitoring Data. The FDA 
Surveillance and Compliance Monitoring Program is designed to ensure that pesticide residues 
do not exceed established tolerances. Naled and Dichlorvos are included in the FDA surveillance 
and compliance monitoring programs. However, Dichlorvos is only detected using the Luke 
method on non-fatty foods, and only when "early eluter" column conditions are used (low 
column temperature). Thus, the number of samples analyzed for Dichlorvos is low compared to 
the samples analyzed for other pesticides, although the number of analyses done by FDA that 
will detect Dichlorvos have increased significantly in the last few years. FDA Surveillance and 
Compliance monitoring data were obtained from FDA for 1990 tlrrough 1998. From 1994 
tlrrough 1998, FDA analyzed over 3000 surveillance monitoring samples for Dichlorvos. The 
limit of quantitation (LOQ) for Dichlorvos in fruits and vegetables is approximately 0.01 ppm, 
and the limit of detection (LOD), approximately 0.003 ppm. 

All residues ofDichlorvos reported were non-detectable, with the following 
exceptions: three samples of strawberries (which had low levels of detectable residues of 
Dichlorvos), one sample ofred raspberries (0.08 ppm Dichlorvos); one tomato sample from 
Mexico with a trace residue (> LOD, but <LOQ); one sample of garbanzo beans from S. Korea 
with a trace residue; and 0.03 ppm on one sample of cantaloupe from Honduras. All residues of 
Naled reported were non-detectable, with the following exceptions: 3 samples of strawberries 
with residues of 0.1, 0.2, and 0.43 ppm Naled . 

(c). FDA Total Diet Study Data (TDS). The FDA Total Diet Study 
Program is designed to measure trends in pesticide residues. Since 1982, approximately four 
market baskets per year have been collected in a large city in one of four regions of the country. 
The region of the country in which the market basket samples are collected rotates so that 
samples are collected in all four regions over one year. FDA summarizes the data expressed as 
daily intakes for 8 age-sex groups (infants, young children, male and female teenagers, male and 
female adults, and male and female older persons). Each market basket has consisted of 234-
265 individual food items prepared as ready to eat foods (washed and cooked). Individual foods 
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are analyzed separately. Although the TDS includes sampling of meats and poultry, Dichlorvos 
could not be analyzed in these commodities using the TDS analytical methods. 

Historically, the Agency has not used FDA Total Diet Study data for exposure 
assessment purposes because the number of samples is limited (approximately four samples per 
year of each of 234 - 265 individual food items since 1982), samples are only collected in large 
cities, and the treatment history is unknown. The TDS does not include minor crops. However, 
a total of 43 market basket surveys are now available for 1982 - 1996. Among the commodities 
collected in the TDS, there were approximately 35 non-fatty commodities analyzed which were 
similar to crackers and cereals, approximately 11 baked goods which were made from flour, 
sugar, and dried eggs, 4 coffee and 1 tea commodities, plus raisins, prunes, and·cooked eggs. 
These are commodities that are or are produced from 'bulk stored' and 'packaged and bagged' 
commodities, and may have been treated with Dichlorvos closer to the point of consumption than 
the wheat grain samples collected by USDA in their Pesticide Data Program. 

By grouping the commodities (generally along crop group classifications), there 
were more than 100 samples per group of commodities analyzed. The Agency has used 
extrapolation among members of crop groups in the past when using monitoring data. For 
example, monitoring data for oranges could be extrapolated to all citrus (tangerines, tangelos, 
grapefruit, lemons, and limes), provided the use pattern for citrus is the same. 

Dichlorvos is not listed specifically as one of the pesticides recovered in the 
analyses for the FDA Total Diet Study. However, Dichlorvos is known to be detected by the 
Luke method for non-fatty foods when low column temperatures are used in the analysis ("early 
eluter" conditions). All of the Total Diet Study samples were analyzed using temperature 
programming which would allow detection of"early eluters." Therefore, ifDichlorvos is 
present, it would be detected, and one detectable residue ofDichlorvos was reported. The LOD 
for Dichlorvos in total diet samples is 0.001 ppm (personal communication, B. McMahon, FDA). 

(d). USDA Pesticide Data Program Data. The USDA Pesticide Data 
Program (PDP) collects residue data primarily for fresh fruits and vegetables, plus wheat grain 
and milk. A few canned and frozen commodities have been tested. Samples are collected in 
terminal markets and large distribution centers. The commodities included in the PDP changes 
annually. Sampling dates and sites are selected at random following a statistically designed 
sampling plan. Participating laboratories meet rigorous quality assurance/quality control 
(QA/QC) criteria including following good laboratory practices (GLP), a check sample program, 
and confirmation of residue findings. Sampling and analyses are done through a cooperative 
agreement with nine states and two USDA laboratories. These states represent about 50% of the 
population of the US and a large percentage of the fresh fruits and vegetables grown in the US. 
Food commodities collected in the PDP are prepared as normally would be done for 
consumption, washed and peeled, although not cooked. Canned and frozen commodities are not 
further cooked before analysis, although they may have been blanched or cooked in the canning 
or freezing process. 
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The USDA PDP analyzes for Dichlorvos, which would include Dichlorvos 
resulting from Naled since the analytical method used generally converts Naled to Dich!orvos 
prior to or during the analysis. The LOD for the analyses varied, depending on the laboratory 
conducting the analyses, and ranged from 3 ppb to 280 ppb. All samples analyzed for Dichlorvos 
had non-detectable residues, except for (1) one peach sample analyzed in 1992, which had a 
Dichlorvos residue of0.059 ppm; (2) one green bean sample analyzed in 1994, which had a 
Dichlorvos residue of0.012 ppm; (3) one grape sample analyzed in 1996, which had a 
Dichlorvos residue of0.003 ppm, which was below the LOQ; (4) one milk sample analyzed in 
1996, which had aDichlorvos residue of0.003 ppm, which was below the LOQ; (5) one pear 
sample analyzed in 1997, which had a Dichlorvos residue of 0.005 ppm, which was below the 
LOQ; and ( 5) 15 strawberry samples in 1998, on which the maximum Dichlorvos residue was 
0.02 ppm. PDP data were used in the Dichlorvos dietary exposure assessment for commodities 
which could be treated with Naled, and for milk. The PDP data on wheat grain were not used, 

. because packaged and bagged commodities made from wheat grain could have been treated again 
with Dichlorvos after the PDP samples would have been collected. The PDP does not analyze 
for Naled because initial method validation indicated that Naled is converted to Dichlorvos 
during the analysis. The PDP does, however, identify unknown residues, and would report a 
residue ofNaled if found. 

(e). Processing and Cooking Study Data. Residues for raw commodities 
can be modified by processing factors to account for changes during commercial or other 
processing and cooking. Processing, cooking and decline (half-life) studies were available for 
cocoa beans, dry pinto beans, tomato juice, ground roasted coffee beans, raw hamburger meat, 
raw eggs, and raw whole milk. The resulting cooking factors were used to reduce the Agency's 
estimate of residues for these commodities and were translated to other commodities based on 
similarity of cooking time and temperature. Additional cooking studies were available and 
discussed in the Residue Chemistry Chapter of the Registration Standard. Half-lives of 
Dichlorvos in various commodities ranged from 0 to over 1,000 hours. The reduction of 
Dichlorvos upon cooking appeared to be related to the length of time and temperature used in 
cooking. Residues were adjusted based on these cooking factors to obtain the Anticipated 
Residue Estimate for the cooked commodity. 

(f). Percent of crop treated data. OPP has refined its estimates of dietary 
exposure for various commodities based on percent of crop treated. The Biological and 
Economic Analysis Division (BEAD) of OPP provided updated percent of crop treated(% CT) 
information that were incorporated into the acute dietary (food) exposure analysis as appropriate 
(Hununel, et. al. 2000). Where a range of percent crop treated estimates are supplied for this 
analysis, the upper end of that range is assumed for acute dietary (food) exposure analysis, and 
the typical or average % CT is used for the chronic dietary (food) exposure analysis. 
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ii. Anticipated Residues for Dietary (Food) Exposure 

Anticipated residues are a realistic estimate of actual pesticide residues in foods 
based on available data. Reliable data are available for Dichlorvos, including the USDA's PDP 
data, the FDA Total Diet Study and the FDA monitoring data. These data were not available at 
the time of the PD 213, Notice of Intent to Cancel, published in I 995. Anticipated residues used 
in the dietary risk assessment are presented in separate memo (Hummel S, Hrdy D, and 
Sahafayen M, 2000). The methods for deriving anticipated residues for Dichlorvos are described 
below. 

(a) From Use of Dichlorvos. All Dichlorvos tolerances in 40 CFR 
§ 180.235 were evaluated as potential sources of Dichlorvos residues. For the updated 
Dichlorvos dietary exposure assessment, FDA Total Diet Study data were used for residues 
resulting from the use of Dichlorvos per se, where appropriate, by grouping similar commodities 
made from grain products, sugar, dried eggs, coffee and tea, and dried fruits. These are 
summarized below. 

Raw Agricultural Commodities. The following uses have been canceled: 
tomatoes, cucumbers, lettuce, and radishes, and the associated tolerances recommended for 
revocation. Therefore, these uses are not included in the exposure assessment. One Dichlorvos 
registrant has proposed supporting use on tomatoes. No detectable residues ofDichlorvos were 
detected on tomatoes in 1996-1998 in the PDP or from 1994-1998 in the FDA Surveillance 
Monitoring Program. 

Meat, Milk, Poultry and Eggs. Residues in livestock tissues, including milk and 
eggs, may result from consumption ofDichlorvos treated livestock feeds, direct dermal 
treatments, livestock premise treatments, or from use as a drug in swine. Livestock metabolism 
studies done at exaggerated rates in ruminants and poultry have demonstrated that oral ingestion 
ofDichlorvos, Naled, and Trichlorfon by cattle and poultry will not result in detectable residues. 
This conclusion can be translated to the drug use ofDichlorvos in swine. Secondary residues in 
livestock and poultry from consumption of treated feed fall under category 3 of 40 CPR 
§ l 80.6(a), having no reasonable expectation of finite residues. Data reflecting Dichlorvos direct 
livestock treatments are discussed in the Residue Chemistry Chapter of the Dichlorvos 
Registration Standard. Data from direct dermal studies indicate that detectable residues are not 
expected, except in skin. Residues are non-detectable (<0.01 ppm) in cattle tissue and milk, and 
non-detectable ( <0.05 ppm) in poultry tissues and eggs. For the PD 213 dietary exposure 
assessment, the Agency used one-half the limit of detection as the residue estimate in both cases. 

There were no monitoring data available for meat commodities, but PDP data 
were available for milk. Ratios ofDichlorvos residues found in livestock tissues in dermal 
metabolism studies to residues ofDichlorvos found in milk in the livestock dermal metabolism 
studies were calculated. These ratios were then used with the PDP monitoring data in milk to 
estimate residues ofDichlorvos in livestock tissues. The dietary exposure estimates in poultry 
commodities are based on the non-detectable residues ( <0.05 ppm) reported after poultry were 
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dermally treated with Dichlorvos. A cooking factor of 0.3x was then applied. The dietary 
exposure estimate for eggs was the non-detectable residue found in cooked eggs in the FDA 
Total Diet Study. 

Bulk Stored, Packaged or Bagged Commodities, Food and Feed Handling Uses. 
The anticipated residues used in the Dichlorvos PD 213 exposure assessment for packaged, 
bagged or bulk stored food were based on field studies submitted by Amvac (Hummel l 994b ). 
Residue data were submitted for many commodities. For those commodities where data were not 
submitted, the Agency translated residue data from similar commodities. For example, data on 
dry beans are translated to other legumes; data on wheat flour are translated to all flours and 
meals, etc. In addition, residue data were provided for com and oats at various points during 
processing, and for flour, sugar, dried milk, dried eggs, shortening, and baking mix from a treated 
manufacturing facility. Bulk stored commodities are assumed to be uncovered when treated. 
Although pesticide labels state that bulk or unpackaged foods should be covered or removed 
before spraying, it is not possible to assess the effect of covering food since the type of material 
used in the cover is not specified and the manner in which food is covered would vary 
considerably. Therefore, food is assumed to be uncovered, which is likely to overestimate 
residues. Since the proportion of commodities stored in bulk vs. packaged/bagged is unknown, 
the anticipated residues are based the residues found in packaged/bagged food, because foods are 
expected to be packaged/bagged closer to the time of consumption. 

FDA TDS data were used for the Dichlorvos dietary exposure assessment on grain 
products and sugar, eggs, coffee and tea. In the 43 samples of 126 commodities in which 
Dichlorvos would be detected, only one sample had a detectable residue, one sample of rye bread 
at 0.01 ppm, which is below the LOQ of0.03 ppm. 

The Food Additive Regulation in 40 CPR §185.1900 for packaged or bagged 
nonperishable processed foods and the tolerance in 40 CFR §180.235 for nonperishable 
packaged, bagged or bulk raw food do not refer to specific commodities. Therefore, the Agency 
has developed a list of commodities likely to be treated with Dichlorvos that are covered by 
tolerances and/or Food Additive Regulations. Because these tolerances and Food Additive 
Regulations were established to cover residues resulting from use at different sites (for example, 
wheat could be treated in its raw form in a silo, later as flour, during processing into cake mixes, 
and finally as a stored packaged commodity), cancellation of any one of the site-specific uses 
does not necessarily eliminate the risk of a commodity from Dichlorvos treatment. The Agency 
did not combine the residues from different sites in creating the anticipated residues, although the 
cumulative residues from treating a commodity at different sites were considered in the 
estimation of percent of crop treated for the PD 2/3; however, the Agency position has changed. 
Now we expect that sufficient time will pass between treatments that only the maximum residue 
from one type of treatment needs to be considered. 

(b) From Use ofNaled. All Naled tolerances in 40 CFR §180.215 were 
evaluated as potential sources ofDichlorvos residues. Anticipated residues are based on either 
tolerance level equivalents or field trials or monitoring data from FDA (Regulatory monitoring or 
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Total Diet Study) or USDA (PDP). These data sources were used for both acute and chronic 
dietary exposure estimates. Naled and Dichlorvos residue estimates were reduced when data 
were available to account for the effects of washing, cooking, and processing. In addition, wide 
area application ofNaled in mosquito and fly control use could result in residues potentially on 
all crops in the Agency's DEEM™ software. The Agency did not include all these crops in its 
estimate of anticipated Dichlorvos residues for the chronic dietary exposure assessment. 
Although it is possible that Dichlorvos residues could occur on any raw agricultural commodity 
from this use ofNaled, it is unlikely that residues would be found on all commodities. As a 
result, this inclusion ofresidues ofDichlorvos from all raw crops would present a possible source 
of overestimation of dietary exposure. A sensitivity analysis was conducted for Naled and 
Dichlorvos from Naled, done separately from the Dichlorvos risk assessment, showing that the 
mosquito and fly control use was not a substantial source of exposure. 

(c) From Use ofTrichlorfon. All Trichlorfon tolerances in 40 CFR 180.198 were 
evaluated as a potential source ofDichlorvos residues. All tolerances for Trichlorfon have been 
revoked, with the exception of tolerances in beef cattle commodities, which are being retained to 
cover potential residues from imported meat commodities. In Trichlorfon cattle feeding studies, 
residues ofTrichlorfon and Dichlorvos were <0.05 ppm in livestock commodities at pre
slaughter intervals of 1, 3, and 7 days (T. Morton, 1999). This would result in residue estimates 
of the same order of magnitude as those for Dichlorvos alone and Naled-derived Dichlorvos. 
Measurable residues of Dichlorvos from the use of Trichlorfon are not expected, because it has 
no crop tolerances or registered crop food uses (Hummel, I 998b ), and non-detectable residues 
are expected on livestock commodities. 

C. Dietary Risk Estimates (Food Sources) 

A DEEM™ analysis was performed to estimate acute dietary exposure and risk from 
Dichlorvos; and to estimate dietary exposures and risks for chronic systemic toxicity from 
residues of Dichlorvos. Because Dichlorvos residues on food may be derived from use of either 
Dichlorvos or Naled, the dietary risk analyses included both Dichlorvos and Naled-derived 
Dichlorvos. Trichlorfon-derived Dichlorvos was considered. All uses of Trichlorfon have been 
canceled. The Trichlorfon tolerances have been revoked, except for tolerances in livestock 
commodities. The DEEM™ analyses were done for all commodities supported for 
Reregistration. 

I. Acute Dietary Exposure and Risk Estimates 

A Tier III acute dietary analysis was performed, which combined the acute 
exposure from Dichlorvos residues resulting from the use ofDichlorvos, Naled-derived 
Dichlorvos (including residues ofNaled, which could be converted in the body to Dichlorvos), 
but excluding the Naled public health mosquito use (Hummel, et. al. 2000). Residues of 
Dichlorvos from the use ofTrichlorfon were estimated not to increase the residues from the use 
ofDichlorvos. For assessing risk use ofDichlorvos, anticipated residues based on field trials 
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and monitoring data were used. For assessing risk from Naled-derived Dichlorvos, anticipated 
residues based on some tolerances, some field trials, and monitoring data were used. The acute 
probabilistic dietary analyses used individual food consumption as reported by respondents in the 
USDA 1989-91 Continuing Survey of Food Intake by Individuals (CSFII) in the DEEM™ 
software. Results are reported as a percentage of the aPAD for the 99.9th percentile of the 
population. The% aP AD is calculated as the ratio of the exposure to the aP AD ( % aP AD = 

exposure/aPAD x 100%). 

Tier ID anticipated residues which incorporated percent of crop treated (% CT), 
monitoring data from the PDP, the FDA Surveillance Monitoring Program, the FDA TDS, field 
trial data, and a few tolerances were used to estimate acute dietary exposure. The acute 
exposure/risk estimate did not exceed the HED's level of concern for either the general US 
population or any of the sub-populations. The sub-population with the highest exposure was 
children 1-6 with estimated exposure of 67% of the aP AD (0.000334 mg Dichlorvos/kg 
bwt/day), while the estimated exposure for the U.S. Population was 29% of the aPAD (0.000145 
mg Dichlorvos/kg bwt/day) at the 99.9th percentile. The results are provided in Table 9. 

U.S. pop - all seasons: 0.0005 0.000018 4 0.000044 9 0.000145 29 

All infants (<1 year): 0.000022 4 0.000087 14 0.000308 62 

Children (1·6 years): 0.000034 7 0.000076 17 0.000334 67 

Children (7-12 years): 0.000022 4 0.000050 10 0.000167 33 

Females 13-50 years): 0.000013 3 0.000032 7 0.000085 17 

a Population subgroups shown include the U.S. general population, and those of infants, children, and women of child-bearing age. 
' % aPAD •Exposure (mg/kg)+ aPAD (mg/kg) x 100 

ii. Chronic Dietary Exposure 

A refined DEEM™ chronic exposure analysis was conducted using percent crop 
treated data and anticipated residues to calculate the chronic dietary exposure estimate for the 
general population and all subgroups (Hummel, et. al. 2000). Anticipated residues were based on 
monitoring data from the FDA TDS, the FDA Surveillance Monitoring Program, and from the 
PDP. Therefore, the Agency has high confidence in the residue data used to estimate chronic 
dietary exposure. 

As mentioned above, OPP has refined its estimates of dietary exposure for various 
commodities based on percent of crop treated. OPP has refined its estimates of dietary 
exposure for various commodities using processing factors to account for changes in residue 
levels during commercial or other processing and during cooking. 
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(a). Chronic Dietary Risk Estimates(% cPAD) 

Tier 3 anticipated residues (which also incorporated% CT information, 
monitoring data from the PDP and the FDA Surveillance Monitoring Program, and field trial 
data were used to estimate chronic dietary exposure. The chronic exposure/risk estimate did not 
exceed HED's level of concern for either the general US population or any of the sub
populations. The resulting risk estimate for all sub-populations and the general US population 
was below 100% of the cPAD. The sub-population with the highest exposure was children 1-6 
with 2% of the chronic population adjusted dose (cPAD) (0.000004 mg Dichlorvos/kg bwt/day), 
while the estimated risk to the U.S. Population was 1 % of the aPAD (0.000002 mg residue/kg 
bwt/day). The results are provided below in Table 10. 

U.S. Population (total) 0.00017 0.000002 

All infants ( < 1 year) 0.000003 2 

Children 1-6 yrs 0.000004 2 

Children 7-12 yrs 0.000002 

Females 13-50 yrs 0.000001 1 
1 Population subgroups shown include the U.S. general population, and those of infants, children, and women of child-bearing age, 

and other, representative populations whose exposure exceeds that of the U.S. general population. 
' % cPAD = Exposure (mg/kg) • cPAD (mglkg) x 100 

(b ). Dietary Cancer Risk Estimates 

No dietary cancer risks for Dichlorvos were estimated. The Carcinogenic 
potential ofDichlorvos has been classified as "suggestive" under the 1999 Draft Agency Cancer 
Guidelines and no quantitative assessment of cancer risk is required. (Stewart J. 2000). 

iii. Uncertainties in Dietary Exposure Assessment 

The Agency believes the exposure and risk assessment presented in this document 
is the most refined to date for acute and chronic dietary exposure to Dichlorvos as a result of use 
ofDichlorvos, Naled, and Trichlorfon. However, there are some uncertainties associated with 
this exposure assessment as follows: 

(a). The consumption database used in the dietary exposure analysis 
(CSFII, 1989-1992) has a limited number of individuals in the age group infants less than one 
year old (approximately 100). The USDA is currently conducting the Supplemental Children's 
Survey (approximately 5000 children). 

(b ). The dietary exposure analyses relied primarily on monitoring data 
obtained either "at the farmgate" in the case of FDA surveillance monitoring data or in regional 
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distribution warehouses for PDP data. Residues potentially present on items purchased at 
roadside produce stands or farmer's markets are not represented in this analyses. Although 
cooking data were available and were used, there may be differences in the amount ofreduction 
ofDichlorvos residues as a result of cooking. 

( c ). Samples collected for the FDA Total Diet Study were collected in 
supermarkets in only four cities per year. Residues found in food in other locations may be 
different. 

(d). Very little monitoring data are available for fumigated commodities. 
Extensive translation was done from one fumigated commodity to another. 

(e). For the commodities for which field trial data were used, the residues 
ofDichlorvos are probably over-estimated. Dichlorvos is expected to dissipate fairly rapidly. 

D. Drinking Water Exposnre 

I. Sources ofDichlorvos Residues in Water 

Dichlorvos residues can be present as a result of use of three pesticides: 
Dichlorvos (DDVP), Naled, and Trichlorfon. Dichlorvos is a degradate ofNaled and Trichlorfon. 
The Environmental Fate and Effects Division (EFED) evaluated the potential for Dichlorvos to 
contaminate water from these sources. The environmental fate properties ofDichlorvos, Naled, 
and Trichlorfon are indicators of the potentials of these compounds to migrate to ground or 
surface water. These fate properties are described below. 

ii. Fate Properties of Dichlorvos, N aled, and Trichlorfon 

(a). Dichlorvos 

The major mode of dissipation ofDichlorvos is volatilization from soils 
because Dichlorvos has a vapor pressure of 1.2 X 10-2 mm Hg under field conditions. Also, 
acceptable laboratory studies indicate rapid dissipation through volatilization. Dichlorvos appears 
to degrade through aerobic soil metabolism and abiotic hydrolysis as well, but these processes are 
secondary to volatilization. Hydrolysis is pH dependent where the half-lives were 11 days at pH 
5, 5 days at pH 7 and 21 hours at pH 9. Aerobic soil metabolism data showed a half-life of 10 
hours; 2,2-dichloroacetic acid was the major metabolite. However, an acceptable soil TLC study 
indicates that Dichlorvos is moderately mobile (K,'s ranging 0.3 to 1.2) based on the Reiling and 
Turner's mobility classification. The potential of Dichlorvos to leach to ground water is 
mitigated by its rapid degradation. However, Dichlorvos has the potential to contaminate surface 
waters because of a low K,,, value and high water solubility (I 0 X I 03 ppm). Substantial 
fractions of run-off will more than likely occur via dissolution in run-off water rather than 
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adsorption to eroding soil. Despite the potential for contamination, Dichlorvos should not be 
persistent in any surface waters due to its susceptibility to rapid hydrolysis and volatilization. 

(b). Naled 

Chemical hydrolysis and biodegradation are the major processes involved in the 
transformation ofNaled and its degradates in the environment. Dichlorvos forms from Naled by 
indirect photolysis in water and soil. In the presence of photosensitizer in water, as much as 20% 
of the applied dose ofNaled can be found as Dichlorvos after 1 day, with rapid decline of 
Dichlorvos residues afterwards. Under anaerobic aquatic conditions, Dichlorvos can be as high 
as 15% of the applied Naled dose after 1 day. The degradation ofDichlorvos formed from Naled 
under anaerobic conditions is slower (half-life 0.9 days) than under aerobic conditions. 

( c ). Trich!orfon 

Dichlorvos is formed from Trichlorfon in soil by aerobic soil metabolism, 
and in water hydrolysis studies. Environmental fate data indicate that Trichlorfon degrades 
rapidly in aerobic soil (t112 - 1.8 days) under non-sterile conditions; however, in a sterile soil, 
Trichlorfon was stable (t112 > 40 days). Abiotic hydrolysis studies indicate that Trichlorfon 
degrades rapidly in aqueous media and that the rate of hydrolysis is pH dependent. The estimated 
hydrolysis half-life ofTrichlorfon is 31 minutes at pH 9, and 34 hours at pH 7, and 104 days at 
pH 5 from the EFGWB I-liners database. This indicates the stability ofTrichlorfon to hydrolysis 
under acidic conditions. The maximum amount ofDichlorvos formed from Trichlorfon by 
aerobic aquatic metabolism is approximately 56 percent of the amount of Trichlorfon originally 
applied at pH 8.5. This value was chosen because it maximizes the application rate for 
Dichlorvos and provides a conservative estimate for potential groundwater contamination. 

iii. Groundwater 

EFED has limited monitoring data on the concentrations ofDichlorvos, Naled or 
Trichlorfon in groundwater. Validated monitoring data for Dichlorvos, Naled, and Trichlorfon 
are available for the states of California and Hawaii from the Pesticides in Groundwater Database 
(USEPA 1992). These data indicated that Naled, Dichlorvos, or Trichlorfon have not been 
detected in groundwater. These data were not targeted to the pesticide use area. These data are 
presented in Table 11 below. 

Table 11. Groundwater monitoring data for Dichlorvos, Naled, and Trichlorfon showing nnmber of wells 
sampled (nnmber of wells with residues) (USEP A 1992) 

Naled Dichlorvos Trichlorfon 

California 83 (0) 20(0) 280 (0) 

Hawaii 3 (0) 7 (0) 
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Because the groundwater monitoring data for Dichlorvos are limited, EFED used 
the Tier I SCI-GROW screening model to estimate concentrations ofDichlorvos in 
groundwater. This model shows that Dichlorvos, Naled, and Trichlorfon will not be found in 
significant concentrations in groundwater. Concentrations of these compounds were calculated 
based on a maximum annual application rate of0.2 lb a.i./acre for Dichlorvos (turf), 9.375 lb 
a.i/acre for Naled (the use rate on Cole crops), and 8.17 lb a.i./acre for Trichlorfon (turf). The 
amount ofDichlorvos formed as a degradate ofNaled was estimated to be 20% ofNaled. 
Therefore, a conservative Dichlorvos use rate was estimated by using Naled's use rate multiplied 
by 0.20. The amount ofDichlorvos formed as a degradate ofTrichlorfon was estimated to be 
56% ofTrichlorfon, which is the maximum percent ofDichlorvos (56%) formed as a Trichlorfon 
degradate determined from the Trichlorfon aerobic aquatic metabolism at pH 8.5. The amount of 
Dichlorvos formed as a Trichlorfon degradate was estimated by multiplying the maximum 
application rate for Trichlorfon (8.17 lb a.i/acre) by 56%. Because groundwater concentrations 
ofDichlorvos were estimated using a Tier I screening model, EFED has moderate confidence in 
the groundwater assessment. 

Table 12 Estimated Dichlorvos Concentrations in Groundwater 

Source of Dichlorvos Residues Modeled Groundwater Concentration, µg/L 

Dichlorvos Applied I/week 0.004 

Dichlorvos Applied Every Other Day 0.015 

Dichlorvos (from Naled) 0.0002 

Dichlorvos (from Trichlorfon) 0.01 

There may be exceptional circumstances under which groundwater concentrations 
could exceed the SCI-GROW estimates. However, such exceptions should be quite rare since the 
SCI-GROW model is based exclusively on maximum groundwater concentrations from studies 
conducted at sites and under conditions which are most likely to result in groundwater 
contamination. The groundwater concentrations generated by SCI-GROW are based on the 
largest 90-day average recorded during the sampling period. Since there is relatively little 
temporal variation in groundwater concentrations compared to surface water, the concentrations 
can be considered as appropriate for acute and chronic risk assessment. 

iv. Surface Water 

Dichlorvos may reach surface water as a result of use of three pesticides: 
Dichlorvos (DDVP), Naled and Trichlorfon. In the event that all of these pesticides are used in 
the same use area, then the contribution for each chemical should be incorporated in any risk 
assessment. 

OPP does not have any surface water monitoring data on the concentrations of 
Dichlorvos, Naled, or Trichlorfon at the present time. Therefore, the GENEEC model was used 
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to estimate surface water concentrations for Naled, Trichlorfon and Dichlorvos. GENEEC is a 
Tier I model used to screen pesticides to determine which ones potentially pose risk to warrant 
higher level modeling (Parker et al. 1995). The GENEEC model provides upper-bonnd values on 
the concentration that might be fonnd in ecologically sensitive enviromnents due to the use of 
pesticides. GENEEC is a single event model that simulates one rnnoff event, but it can acconnt 
for spray drift from multiple applications. GENEEC represents a 10 hectare field immediately 
adjacent to 1 hectare pond that is 2 meters deep with no outlet. The pond receives a spray drift 
event from each application plus one rnnoff event. The runoff event moves a maximwn of 10% 
of the applied pesticide into the pond. This amonnt can be reduced due to degradation on the 
field and by soil sorption. Spray drift is estimated at 5% of the application rate. 

Turf was used as the site of interest for Trichlorfon. General outdoor uses 
(including turf) were used as the site of interest for Dichlorvos. Eight crops were simulated for 
Naled. The modeling results indicate that all these compounds have the potential to contaminate 
surface waters by rnnoff, for short periods oftime especially in areas with large amonnts of 
annual rainfall. However, based on its environmental fate characteristics, Naled will 
degrade/dissipate rapidly (t112 < 1 day), Trichlorfon and Dichlorvos will persist slightly longer (t112 

1.4 and - 5 days, respectively). Mitigation practices that reduce rnnoff could be effective in 
reduction of these chemicals transport into surface waters. 

Table 13. Estimated Environmental Concentrations (EECs) for Dichlorvos based on GENEEC Model 

Source of Acute Surface Water Concentration, Chronic Surface Water Concentration, 
Dichlorvos µg/L(ppb) µg/L (ppb) 
Residnes 

Dichlorvos 0.435 0.060 

Naled-derived 16.5 2.2 
Dichlorvos 

Trichlorfon- 81.7 11.7 
derived Dichlorvos 

E. Drinking Water Risk Estimates 

I. Drinking Water Levels of Comparison 

HED has calculated drinking water levels of comparison (DWLOCs) associated 
with acute and chronic exposure to Dichlorvos in drinking water. These DWLOCs will be 
compared with the estimated enviromnental concentrations (EECs) ofDichlorvos in water. The 
DWLOC is the concentration of a chemical in drinking water that would be acceptable as an 
upper limit in light of total aggregate exposure to that chemical from food, water, and residential 
sources. The acute DWLOC for Dichlorvos includes aggregate exposure from food and water 
only. The chronic DWLOC includes residential exposure. 
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The DWLOCacute was calculated for the general population, All Infants, Children 
(1-6 years), who are the most highly exposed population subgroup, and for females (13-50 years). 
Acute water exposures and DWLOC calculations are summarized in Table 14 below. 

DWLOC"'"" (µg/L) = acute drinking water exposure (mg/kg/day) x body weight (kg) 
Water consumption (L/day) x (10-3 mg/µg) 

where body weight is 70 kg for adults, 60 kg for females (13-50) and 10 kg for children and 
water consumption is 2 L per day for adults and 1 L per day for children. And acute water 
exposure= aP AD - acute food exposure, where aP AD is 0.0005 mg/kg/day. 

Table 14. Summary ofDWLOC""" Calculations for Dichlorvos. 

DEEM Population Acute Dietary Exposure to Allowable Water Exposure, DWLoc_., 
Subgroup Dichlorvos at 99.9"' %tile, mg/kg/day mg/kg/day µg/L 

US Population 0.000145 0.000355 12 

All Infants 0.000308 0.000192 1.9 

Children (1-6) 0.000334 0.000166 1.7 

Females (13-50) 0.000085 0.000415 12 

The cPAD of0.00017 mg/kg/day for Dichlorvos would be used to calculate a 
DWLOC,hmnk for Dichlorvos, using the following formulae: 

DWLOC,.'°"" (µg/L) =(chronic water exposure, mg/kg/day)(body weight) 
(water consumption, L/day)(l 0·3 mg/µg) 

where body weight and water consumption values are as given above 
and chronic water exposure = cP AD - (chronic food + residential exposure). 

The calculation cannot be done, since chronic exposure exceeds our level of concern without 
considering water exposure, due to residential use of resin pest strips alone. The DWLOC,hrnnio 
would effectively be zero. 

DWLOCs were not calculated for short or intermediate term exposure. Because 
the short and intermediate term residential exposure scenarios are associated with risks of 
concern, the DWLOCs would effectively be zero. It should be noted that both food and water 
exposure are negligible compared to the residential exposure. 
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ii. Drinking Water Risk Estimates 

As mentioned above, the acute and chronic DWLOCs are compared with the 
estimated environmental concentrations (EECs) of Dichlorvos in water to determine if there is a 
risk concern. 

For acute drinking water exposure, the modeled groundwater concentrations of 
0.0002 to 0.015 µg/L for Dichlorvos resulting from the use ofDichlorvos, Naled, and 
Trichlorfon, are less than the DWLOC.,.,, of 12 µg/L for the U.S. population and females (13-
50), the DWLOCacute of 1.9 µg/L for all infants, and the DWLOC""" of 1.7 µg/L for children (1-6 
years). The conservative Tier I estimates of ground water concentration provided by the SCI
GROW model are not of risk concern. However, the estimated environmental concentration of 
Dichlorvos in surface water, resulting from the turf use ofTrichlorfon, of 81.7 µg/L and the 
estimated environmental concentration ofDichlorvos in surface water, resulting from the 
agricultural uses ofNaled of 2.2 µg/L, from the GENEEC models indicates a potential risk 
concern. There is no risk concern from the estimated environmental concentration ofDichlorvos 
in surface water, resulting from the use of Dichlorvos, of 0. 060 µg/L. 

For chronic drinking water exposure, the modeled grouudwater concentrations of 
0.0002 to 0.015 µg/L exceed the DWLOC,hronk of zero µg/L. The modeled surface water 
concentrations ofDichlorvos (0.06 µg/L) and of Naled and Trichlorfon-derived Dichlorvos (2.2 
and 26 µg/L, respectively) also exceed the DWLOC,hronic of zero µg/L. The DWLOC,hronk value 
is driven by the chronic residential inhalation exposure to Dichlorvos from resin pest strips, for 
which the chronic exposure exceeds our level of concern without considering water exposure. 
As mentioned above, food and water exposure to Dichlorvos is minimal compared with 
residential exposure. Therefore, any water exposure will add mimimally to exposures and risks 
of concern. 

F. Occnpational Exposure and Risk Estimates 

Pesticide handlers and workers reentering treated areas may be exposed to 
Dichlorvos during the following scenarios: crack and crevice treatment by certified pest control 
operators, coarse spray application to mushroom houses and greenhouses, warehouse treatments, 
food manufacturing and processing facilities, worker re-entry to mushroom houses and 
greenhouses, worker re-entry into food manufacturing and processing facilities, application to 
domestic animals, such as cattle or poultry, application to domestic animal premises, such as 
dairy barns, re-entry into domestic animal preruises, application to feedlots, application to 
manure piles, application to lawns, turf, and ornamental plants, and post-application gardening 
work with lawns, turf, and ornamental plants. Occupational exposure and risk estimates are 
presented in Table 15 below. 
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Risk is expressed as a Margin of Exposure (MOE) 

MOE = NOAEL 
--"--'-'~~-

Exposure 

where both the NOAEL and the Exposure are expressed in mg/kg/day, and the target MOE for all 
occupational scenarios is 100. Both short term and intermediate term dermal exposures include 
a dermal absorption factor of 11 %, because the exposure is compared to an oral NOAEL. 

The risk assessment has been changed to use the North American Free Trade Agreement 
(NAFTA) recommended breathing rate rather than the rate recommended in the Occupational 
and Residential Guidelines, Series 875, Group A, OPPTS 875.1300 and OPPTS 875.1400 
(formerly known as Subdivision U Guidelines). The guidelines recommend a breathing rate of 
29 L/min (1.7 m3 /hr), whereas the new NAFTA policy recommended breathing rates are 16.7 
L/min (1.0 m3 /hr) for moderate activities. The default breathing rate in PHED 1.1 is 25 Llmin 
(1.5 m3 /hr), but the PHED Surrogate Tables used the recommended breathing rate of 29 L/min 
(1.7 m3 /hr). This change increases the inhalation MOEs, and therefore decreases the estimated 
risk to occupational and residential handlers. PHED runs for Dichlorvos were done using the 
PHED default breathing rate and the MO Es have now been corrected to use the NAFTA 
inhalation rate. 

The risk assessment has been changed to use the recommended body weight of 60 kg 
instead of 70 kg for the short term risk assessments, because the endpoint used is from a 
developmental study. This slightly increases the estimated exposure and decreases the MOEs. 
Intermediate term risk assessments use the recommended body weight of 70 kg. 

i. Crack and Crevice Treatment in Homes 

(a). Application 

Exposure and risk analyses were conducted for commercial applicators only 
(Jaquith 1998g). The registrant, AMY AC, has indicated that they do not intend to market 
Dichlorvos for homeowner use for this scenario. Information obtained from the National Pest 
Control Association (NPCA) indicated that Dichlorvos is used only one day per week by PCOs, 
resulting in a short term exposure scenario (Rambo, 1987). Exposure and risk were calculated by 
adding inhalation and absorbed dermal dose and comparing the resulting total exposure with the 
NOAEL. 

Exposure estimates for crack and crevice treatment with Dichlorvos, using a hand
held low pressure sprayer, were obtained from PHED (Ver 1.1 ). The absorbed dermal dose was 
estimated to be 0.011 mg/kg/day, and the inhalation dose 0.0071 mg/kg/day, with a total 
exposure of0.0018 mg/kg/day and a total MOE of 5 (See Table 15, i). The MOE for crack and 
crevice treatment in homes (by certified pest control operators) is less than the target MOE of 
100, and the exposure exceeds the Agency's level of concern. 
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(b ). Post-application 

(See Residential Section.) 

ii. Mushroom House 

(a). Application 

An average mushroom house has a volume of 30,000 ft3 (Dow, M., 1985). 
Dichlorvos is applied at a rate of 2.0 grams of active ingredient per 1000 ft3 or 60 grams per 
treatment; 16 days per year, 10 houses per day; 4 minutes per house or 40 minutes per day. 
Protective clothing was slightly different for each application method, long pants, long sleeved 
shirt and gloves. The label does not specify protective clothing needed. 

Application ofDichlorvos to mushroom houses may be made by hand-held 
fogger, coarse spray and paint-on applications. Exposures using several types of application 
equipment were evaluated, including the hand-held fogger, a hand-held sprayer, several backpack 
sprayers, and a portable sprayer on a cart. The registrant has recently submitted a request for 
voluntary deletion of the hand-held fogger use under FIFRA Section 6(f). However, the request 
has not been processed because clarifications were needed on the use patterns being supported. 
The exposures for coarse spray and paint-on applications were derived from PHED (Vl. l ). 
Estimates of the surface areas that would be painted or sprayed during Dichlorvos application 
were derived from mushroom culture textbooks and are considered to be conservative (Jaquith 
l 998d and n). This application scenario is considered to be intermediate term (one week to 
several months) because a single individual may treat different mushroom houses on different 
days due to the cyclic nature of mushroom culture. An applicator is assumed to weigh 70 kg. 
(Jaquith 1998n) 

Hand-held Fogger. The exposures for the hand held fogger application were 
based on surrogate data from a pulse fogger application. The applicators were wearing chemical 
resistant protective clothing (coveralls) over long sleeve shirt and long pants, gloves, boots, 
goggles, and a respirator. Patches were both outside and inside the clothing. The air samples 
were collected outside the respirator (Nigg, 1987). There were only 3 replicates in the study in 
which pulse fogging was used. Therefore, this must be considered to be a very low confidence 
data set. There are no data in the Pesticide Handler Exposure Database (PHED) addressing the 
use of a hand held fogger, and no chemical specific data. The resulting absorbed dermal 
exposure, would be 0.071 mg/kg/day. Inhalation exposure is expected to be negligible because 
of the respiratory protection. The measured air concentrations outside the respirator would result 
in inhalation exposure estimates two orders of magnitude below the dermal exposure estimates. 
The dermal and total MOE was 1.4 with a target MOE of I 00). These MOEs are of concern. 
(Jaquith, 1993a, Jaquith, 1998d). 

Coarse Spray and Paint-on Applications. For the coarse spray, data from PHED 
Version 1.1 were used; protective clothing was slightly different for each application method, 
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long pants, long sleeved shirt and gloves. The label does not specify protective clothing needed. 
The inhalation exposures ranged from 0.0012 to 0.0035 mg/kg/day and absorbed dermal dose 
ranged from 0.0016 to 0.0068 mg/kg/day, depending on application equipment (Jaquith 1998n). 
Dermal and inhalation exposure, and total exposure with MO Es of 5 to 18 are considered to be of 
concern, compared to the target MOE of 100. If an additional layer of protective clothing were 
added, the absorbed dermal dose would be cut in half, 0.0008 to 0.0034 mg/kg/day, for a total 
exposure of0.0020 to 0.0069 mg/kg/day, with MOEs of7.3 to 25. The most likely application 
equipment is the portable sprayer on a cart, which has the lowest MOE. 

(b ). Post-application 

For reentry exposure, it was assumed that a worker reenters a ventilated 
mushroom house 24 hours after treatment and is exposed for 8 hours. The post-application 
exposures for mushroom houses were derived from information from a textbook on mushroom 
culture and a study conducted by the California Department of Food and Agriculture (CDF A) , 
now called the California EPA (Ca!EPA) in which air and surface residues were measured in 
mushroom houses where Dichlorvos had been applied (Maddy 1981, Jaquith 1998d). The 
surface residues measured did not decline with time, and there was no clear trend in the air 
concentrations. Air samples were collected at 30 minutes, and 1, 3, 6, 12, and 24 hours. Only 
two samples were taken at the 24 hour sampling period. The transfer coefficient was obtained 
from the ExpoSAC policy 003, to be 2500 cm2 lhr. Because of the aeration pattern of mushroom 
houses, the volatility ofDichlorvos, and dissipation ofDichlorvos in mushroom houses, this is 
considered to be a short-term exposure scenario. Respirators are not worn during reentry. 
Workers are assumed to weigh 60 kg. The exposures following a 24 hour reentry interval were 
0.0010 kg/day and 0.0021 mg/kg/day for the dermal and inhalation routes, respectively, with a 
total MOE of 32, which is of concern, compared to the target MOE of 100. MO Es for re-entry 
intervals longer than 24 hours cannot be calculated, because no data were provided for reentry 
intervals longer than 24 hours, and no decline in Dichlorvos air concentrations was 
demonstrated. 

iii. Greenhouse 

(a). Application 

Application ofDichlorvos to greenhouse plants was previously allowed by hand
held foggers and by smoke generators. The Registrant has recently submitted a request for 
voluntary deletion of the hand-held fogger use under FIFRA Section 6(f). However, the request 
has not been processed, because clarifications were needed on the use patterns being supported. 
Total release foggers and smoke generators are considered to result in negligible exposure since 
the applicator vacates the premises immediately upon activation of the foggers. This application 
scenario is considered to be short term because treatment would not be expected to occur in a 
given greenhouse more than once a week. 
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The specifications for greenhouse applications are slightly different than those for 
mushroom houses. A typical greenhouse operation consists of seven greenhouses, each with a 
volume of 85,000 ft3 (Dow, M., 1985). All seven greenhouses are assumed to be treated in I day. 
Dichlorvos is applied at the rate of 1.4 grams of active ingredient per 1,000 ft3 

• Workers were 
assumed to be wearing coveralls, hood, gloves, apron, boots, goggles, and a respirator. The 
exposures for the hand held fogger application were based on surrogate data from a pulse fogger 
application, the same surrogate study used for mushroom houses. (Jaquith, l 998d). The 
resulting total exposure, would be 0.12 mg/kg/day. This is a short term exposure scenario 
because dichlorvos would dissipate before another application would be made. The MOE is 0.66 
(Target MOE= 100), which is of concern. 

(b ). Post-application 

The dermal exposure for reentry into greenhouses following the use ofDichlorvos 
was obtained using data from a greenhouse culture textbook, data on turf transferable residues 
from a Chlorpyrifos/Dichlorvos study (Goh, K. S., et. al. 1986), and a transfer coefficient of 
10000 cm2/hr, from the ExpoSAC Policy 003. Inhalation exposure estimates were modeled 
assuming the initial concentration at the maximum rate, assuming first order kinetics and an air 
exchange rate from a textbook (Mastalerz, 1977). Because of the volatile nature ofDichlorvos, 
this is considered to be a short-term exposure scenario. 

The exposures after 10 hours were estimated to be 0.0007 mg/kg/day via the 
dermal route and 7 .6 x 10-5 mg/kg/day by the inhalation route. The MOE for total exposure (with 
re-entry at 10 hours) is 130, which is not considered to be of concern (target MOE= 100). 

iv. Domestic Animal Premises (food and nonfood) and Direct Animal Sprays, 
Feedlots, Manure Treatment, Garbage Dumps, and Baits 

(a). Application 

Dairy barn application and direct application to dairy cattle were used as the 
reference facility for these exposure assessments (Jaquith 19981). There are no data addressing 
the use of Dichlorvos in other types of animal facilities. Worker exposure from direct application 
to animals is based on dairy cattle treatment. Although permitted on product labels, the Agency 
does not believe that direct application to livestock animals with a handheld sprayer is used. 
Rather, some type of automated equipment is used to apply Dichlorvos directly to animals. 
Space and premise treatments also help control insects on animals. Since several registered 
products provide guidance on use with a handheld sprayer, the exposure and risk are estimated 
here for that application method, which is expected to result in a much higher exposure than 
automated methods. While some labels indicate that daily application (probably for direct 
application to cattle) is allowable, the use assessment indicates that the material is applied at 2 
week intervals (Dow, M., 1985). This assessment assumes daily applications over several 
months. This is considered to be an intermediate term scenario. 
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Cattle. Exposure assessments for direct application to dairy cattle using hand-held 
sprayers were conducted using PHED V 1.1. Applicators were assumed to be wearing long 
sleeved shirt, long pants, and gloves. Gloves are not currently required on the label and must be 
added. Absorbed dermal doses were estimated to range from 0.000024 to 0.0037 mg/kg/day and 
respiratory doses from 0.000025 to 0.00010 mg/kg/day, depending on application equipment. 
These total MOEs would range from 120 to 2000, and are not considered to be of concern. 

Poultry. Applicator exposure data for cattle carmot be extrapolated to poultry, 
because of the different application method and less frequent applications. Individual animals 
are less likely to be treated directly and the equipment is more likely to be automated. As a result, 
exposure from applying Dichlorvos to poultry is expected to be much lower than for cattle. 

Domestic Animal Premises. Barn sizes were obtained from the Dichlorvos QUA 
(Dow, M., 1985). Assuming that a worker wears long sleeve shirt, long trousers, shoes and 
impervious gloves at a minimum, risks from Dichlorvos application to domestic animal premises 
are lower than the risks from direct application to cattle, with total MOEs from 620 to 4800, and 
do not exceed the Agency's level of concern, either, except for the use of one type of backpack 
sprayer (see Table 15). Gloves are not currently required on all Dichlorvos labels and must be 
added. 

Feedlots include stockyards, corrals, holding pens and other areas where large 
groups of animals are contained. EPA assumes that some type of power sprayer capable of 
treating a large number of animals in a short time is probably used. A short application time 
period in an outdoor or partially enclosed area would minimize exposure to less than that of dairy 
applications. 

Manure Treatment. The application equipment used for manure applications may 
be similar to those used in a dairy barn; however, the application time would probably be less and 
the treated area would be well ventilated - either outdoors or in a partially enclosed area. The 
MOE for applicators is expected to be greater than 100 for manure use. 

(b). Reentry 

There are no data addressing potential reentry into animal facilities. Re-entry 
exposure to animal premises would not be expected to exceed reentry exposure for greenhouses, 
and would be expected to be considerably less, since animal premises are usually outdoors or 
well ventilated, where minimal dermal contact is expected. 

v. Lawns, Turf, and Ornamental Plants 

(a). Applicator 

There are no registered homeowner uses. Dichlorvos is applied only by PCOs in 
tank mixtures with Chlorpyrifos. We note that the use of Chlorpyrifos on home lawns has been 
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canceled. The types of equipment used and clothing worn by lawn care operators is likely to be 
long sleeve shirt, long pants, and gloves. Protective clothing is not specified on the label. 
There are no chemical specific data addressing the potential exposures of commercial lawn care 
operators to Dichlorvos. The Outdoor Residential Exposure Task Force (ORETF) has recently 
completed several surrogate mixer/loader/applicator studies addressing lawn care operators 
(LCOs). (Bangs, 2001; Jaquith, 2001). Applications at 0.5 lb ai/A can be made by hose-end 
spraygun or by a granular push-type spreader. An applicator is assumed to treat 5 acres per day. 
This is a short term exposure scenario, because the applicator would not be expected to apply 
Dichlorvos daily for a long period of time. 

If 5 acres are treated with a liquid formulation per day at a rate of 0.5 lb ail A, the 
total exposure of would be 0.0023 mg/kg/day, and total MOE of 50, would be of concern, 
compared to the target MOE of 100. If coveralls were added, the total exposure would be 
0.0017 mg/kg/day, and the total MOE, 90, which is of concern, compared to the target MOE of 
100. 

For a granular formulation, applied with a cyclone spreader, the total exposure 
would be 0.0011 mg/kg/day, and total MOE would be 83, which is of concern, compared to the 
target MOE of 100. If coveralls were added, the total exposure would be 0.00069 mg/kg/day, 
and total MOE, 140, which is not of concern, compared to the target MOE of 100. 

(b). Post-Application 

The assessment was conducted by using dislodgeable foliar residue information 
from three foliar residue studies submitted by the registrant, discussed further below under ( d). 
Lawns, Turf and Ornamental Plants - Post-Application. The dermal MOEs from the three 
sites (CA, FL, and Ontario) are 25 to 850 (average MOE 61), compared to a target MOE of 100. 

Reentry exposure to commercial turf farms is considered to be negligible because 
of cultural practices in such facilities. The primary reentry activities in a commercial turf farm 
are mowing and the cutting of sod. The characteristics of Dichlorvos make it unlikely that such a 
product would be used immediately preceding such activities. 

vi. Food Manufacturing Plaut and Warehouse Treatment 

(a). Application 

Dichlorvos can be applied to warehouses with wall-mounted automatic foggers. 
Exposure to mixer/loaders through automatic application is expected to be negligible; however, 
there would still be reentry exposure. For hand held fogger use, see Greenhouses. 

-52-



HED Records Center Series 361 Science Reviews - File R042063 - Page 62 of 90 

(b ). Post-application 

In estimating reentry exposure, EPA assumed 24 hours elapsed before reentry is 
allowed, as per recent label changes; and that workers in food manufacturing plants spend 8 
hours per day in the treated area for the next 3 days. Dichlorvos is applied at the rate of2.0 
grams active ingredient per 1,000 ft3 over a period of 125 minutes per application. A Dichlorvos 
study was conducted. Dichlorvos was applied at the rate of 2.4 grams active ingredient per 
1,000 ft3 in the study. Hand rinses were done and air concentrations were measured at 0, 3, 6, 10, 
and 22 hours after application. Exposure estimates are for the day following treatment. 
Absorbed dermal exposure was measured for the hands only and represents an average of the 
total exposure measured for three work stations, and was considered negligible compared to the 
inhalation exposure. Inhalation exposure was calculated by integration of the air concentration 
decline curve over an 8 hour workday, reentering the facility after 24 hours had elapsed. This 
exposure scenario was considered to be short term due to rapid dissipation of Dichlorvos. 
(Jaquith, D., 2000a; Jaquith, D, 1993) 

For a 24 hour reentry interval to Food Manufacturing plants, the inhalation 
exposure was 0.019 mg/kg/day. The total MOE of 5.3 is of concern. Re-entry intervals longer 
than 24 hours are not considered practical. 

For a 24 hour reentry interval to Warehouses, assuming the worker spends 60 
minutes in the warehouse, the inhalation exposure was 0.0022 mg/kg/day. The total MOE of 53 
is still of concern, compared to the target MOE of 100. 

vii. Insect Traps 

Exposure is believed to be negligible since the pesticide is in the form of an 
impregnated strip in a sealed package, which is opened and the applicator leaves, and the traps 
are placed in outdoor areas (such as forests) where there is no human exposure. 

G. Residential Exposnre and Risk Estimates 

Dichlorvos is registered for several residential uses. Resident handlers may be 
exposed to Dichlorvos during application ofDichlorvos in pressurized aerosol spray cans. 
Residential post application exposure may occur after use of the following products containing 
Dichlorvos: pressurized aerosol spray can, total release fogger, crack and crevice treatment, resin 
pest strips, and pet flea collars. Residential Exposure and Risk Estimates are summarized in 
Table 15 below. Information sources and major assumptions for each residential scenario are 
described below. Additional information is available in the referenced documents (Jaquith 1998a 
through n). Dichlorvos exposure from the use ofT1ichlorfon is included in this document. 
Although exposure could result from the use ofNaled, any exposure to Dichlorvos from the use 
ofNaled would be covered by the Naled Risk Assessment. 
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Residential Scenarios which were evaluated were short term exposure scenarios or 
long term exposure scenarios. A NOAEL of 0.1 mg/kg/day from a developmental rabbit study is 
used for short term inhalation and dermal risk assessment. Also, 11 % dermal absorption is 
assumed for the dermal risk assessment. The target MOE for all residential scenarios is 300. 

The long-term inhalation NOAEL of0.05 mg/kg/day from a chronic rat study was 
used to calculate the risks for the long-term inhalation exposure scenario (resin pest strips) 
because exposure is expected to occur primarily via inhalation. The target MOE is 300. 

i. Residential Handler 

(a). Pressurized Aerosol Spray Can 

The exposure assessment for pressurized spray cans was derived from data in the 
Pesticide Handlers Exposure Database (PHED Vl.1) and the Residential SOPs for aerosol 
application. Resident use of pressurized aerosol product is based on application of an entire 16 
ounce pressurized aerosol can of 0.5 percent Dichlorvos (Jaquith 2001; Jaquith l 998f). This is a 
short term exposure scenario. 

Pressurized aerosol products containing Dichlorvos do not list any clothing 
requirements, therefore the Agency is assuming that Dichlorvos is applied during hot weather 
when an individual will be wearing the least amount of clothing consistent with current HED 
policy (i.e., shorts, short sleeve shirt, and shoes). Unit dermal exposures were 220 mg/lb ai 
handled, and 2.4 mg I lb ai handled for inhalation exposure, with a absorbed dermal dose of 
0.0017 mg/kg/day. Respiratory exposure was estimated to be negligible compared to the total 
MOE of 59, which is of concern, compared to the target MOE of 300. 

ii. Residential Post-application 

(a). Total Release Fogger, Pressurized Aerosol, Crack & Crevice 

Post application data from a total release fogger application were used as a 
surrogate for the post application exposure from pressurized aerosols and crack and crevice 
applications. Use of the total release fogger data for the other two scenarios is considered to be 
conservative. 

Indoor residential post-application exposures for short term exposure scenarios 
were derived from a single study measuring the exposures of individuals performing defined 
activity patterns (20 minute Jazzercise® routiue) following the activation of a total release fogger. 
This study provides a conservative estimate for short term exposure scenarios from indoor 
applications ofDichlorvos (Jaquith 1993b ). The multi-phase study measured deposition on 
whole body dosimeters and (in a separate phase) the urinary concentrations of the metabolite 
dimethyl phosphate (DMP). In order to estimate the potential oral exposure from hand to mouth 
activity of children, the amount ofDichlorvos measured on the hands in the passive dosimetry 
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phase was considered to be available for ingestion. The passive dosimetry dose on the hands had 
to be added because the Jazzercise® routine does not include hand-to-mouth activity. The total 
exposure, including the estimated contribution of hand to mouth ingestion, was 0.017 mg/kg/day 
(Jaquith 1998k). This is considered to be a short-term exposure scenario. The total exposure 
from the biomonitoring phase, plus amount ofDichlorvos measured on the hands in the 
dosimetry phase, was compared to the NOAEL. The resulting MOE for short term exposure was 
6.7, which is considered to be of concern. It is recognized that this may be a conservative 
estimate for other Dichlorvos short term exposure scenarios such as directed applications 
(pressurized aerosol and crack and crevice treatments). Exposure to children is expected to be 
the same as that of an adult on a mg/kg basis. 

(b ). Resin Pest Strips 

Several sizes of resin pest strips are marketed. The full size, room size strip is 80 
g, containing 14.9 g ofDichlorvos, used to treat 1000 ft 3

• ·other sizes ofresin pest strips are the 
closet strip, 21 g, containing 3.2 g Dichlorvos; and the cupboard strip, 10.5 g, containing 1.95 g 
Dichlorvos. 

Respiratory exposures resulting from the use of resin pest strips were estimated 
using a study found in the scientific literature (Collins and De Vries 1973). Fifteen homes were 
monitored at various time intervals for a period of91 days. Sampling was done for 20 minutes at 
the same time on each sampling day. Air monitoring was done in one place in each of the 
homes, in the same room with the full sized resin pest strip (80 g, containing 14.9 g Dichlorvos). 
The Dichlorvos measurements declined with time. A decay curve measuring the decline of 
airborne residues was derived for each of these homes. The resulting equations were integrated 
over a 120 day period and an average daily concentration was calculated (Jaquith 1998a, 1999d, 
and 2000). The average air concentration, averaged over this time period was 0.015 mg/m3

• 

Smaller sized resin strips placed in a closet or cupboard where the door was left open to the room 
would be expected to have lower concentrations by direct proportion. The 120 day period is the 
length of time that the resin pest strips remain efficacious. The resin pest strips are replaced as 
needed. There is no limit to the number of resin strips that can be used in the home. The label 
suggests that one full sized resin pest strip will treat 1000 ft 3• It was assumed that an individual 
was present in the home for 16 hours per day, and was exposed for 16 hours, the entire amount of 
time spent in the home. This is considered to be a high end estimate and assumes that the 
Dichlorvos level in the air is the same throughout the home, at any given time. A second 
calculation was done for a low end exposure estimate, with 2 hours exposure per day. Additional 
calculations were done for closet sized strips and cupboard sized strips assuming 16 hours of 
exposure in the room where the closet or cupboard are located. 

A more accurate exposure would be possible if air measurements were available 
from different rooms in the house (i.e., a house profile) . Limited data suggest that the level of 
Dichlorvos in the air declines with distance from the resin pest strip. There are the data from the 
Dichlorvos Flea Collar Study that show Dichlorvos levels are lower some distance away from the 
pet flea collar. 
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To estimate exposure to Dichlorvos from full sized resin pest strips at the lower 
end of the range, a second exposure assessment was conducted. Two hours of exposure time was 
selected as a reasonable estimate of the lower range of potential exposures. 

High End exposure estimates from full sized resin pest strips (16 hours exposure 
per day) and MOEs were calculated for 4 population groups; adult males, adult females, children, 
age 1-4 years; and children, age 5-11 years. The average exposures were 0.0022 mg/kg/day 
(MOE= 23), 0.0019 mg/kg/day (MOE= 27), 0.0058 mg/kg/day (MOE= 9), and 0.0039 
mg/kg/day (MOE= 13), respectively. These MOEs are all of concern. 

Low End exposure estimates from full sized resin pest strips (2 hours exposure 
per day) and MOEs were calculated for 4 population groups; adult males, adult females, children, 
age 1-4 years; and children, age 5-11 years. The average exposures were 0.00027 mg/kg/day 
(MOE= 180), 0.00023 mg/kg/day (MOE= 210), 0.00072 mg/kg/day (MOE= 70), and 0.00049 
mg/kg/day (MOE= 102), respectively. These MO Es are all of concern, compared to the target 
MOEof300. 

AMY AC supports the registration of two smaller sized resin strips in addition to 
their 80 g full sized resin strip, a 21 g closet sized resin strip, and a 5.25 g cupboard sized resin 
strip. A full sized (80 g) resin strip in a 1000 ft3 room will give an average air concentration of 
0.015 mg/m3 over a 90-120 day period. A full sized strip weighing 80 g contains 14.9 g of 
Dichlorvos (about 19% ai). A smaller strip will give a proportionally smaller average 
concentration over the same time period. A 21 g strip contains 3.2 g Dichlorvos. In a 1000 ft3 

room, the average air concentration over a 90-120 day period would be 0.015*(3.2/14.9) = 
0.0033 mg/m3

• A 5.25 g strip containing 1.0 g Dichlorvos would give an average concentration 
of0.0010 mg/m3

• If these small strips were used in closets or cupboards, 0.0033 and 0.0010 
mg/m3 would correspond to the adjoining room concentrations if the closet or cupboard doors 
were left open. 

If the closet or cupboard doors were closed or left open slightly, the adjoining 
room Dichlorvos concentration would drop, but the concentration inside the closet or cupboard 
would rise since the air exchange rate inside the closet or cupboard will be lower. Anyone 
opening the closet or cupboard would breathe in higher concentrations of Dichlorvos for a brief 
time. In fact, the average dose inhaled by a resident may not differ by much regardless of 
whether the closet door is open or closed. Additional analyses for these smaller strips are 
included in Table 15. Some of the MO Es for the smallest strips are still of concern, compared to 
the target MOE of 300, 360 for adult males, 310 for adult females, 130 for toddlers, and 260 for 
children 5-11. 
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( c ). Pet Flea Collars 

A flea collars is placed on the pet's neck to protect the pet from fleas over the life 
of the pet flea collar, 90 days. It is expected that the flea collar will be replaced when it is no 
longer efficacious. 

The assessment for flea collar exposure was derived from a registrant submitted 
study. The study was done in a laboratory larger than a room in a house. There were 15 cats in 
the study, all in the same laboratory room. The study included air monitoring at different 
distances from the animal with the flea collar. The study did not include monitoring of 
dislodgeable residues from the animal fur. However, inhalation exposure is of most concern 
because of the high vapor pressure ofDichlorvos. There were a number of technical problems 
with that study and it is considered a weak data set (Jaquith, 1987). It was assumed that an 
individual spends 1 hour per day in close proximity to an animal wearing a flea collar and 8 
hours per day in the general area (Jaquith 1998c). There are no chemical-specific data with 
which to estimate dermal exposure from contact with pets. 

Respiratory exposures were estimated for 7 population groups; adult males; adult 
females; children, age 1-2; children, age 3-5; children, age 6-8; males, age 9-11; and females, age 
9-11. The corresponding exposures were 0.0015 mg/kg/day (MOE= 33), 0.0013 mg/kg/day 
(MOE= 38), 0.0037 mg/kg/day (MOE= 14), 0.0033 mg/kg/day (MOE= 15), 0.0027 mg/kg/day 
(MOE = 19), 0.0026 mg/kg/day (MOE= 19), and 0.0023 mg/kg/day (MOE= 22), respectively. 
These MOEs are all of concern. Adding estimates of absorbed dermal exposure from dermal 
contact with the pet will increase the estimated exposure and reduce these MOEs which are 
already of concern, compared to the target MOE of 300. 

An alternative analysis was done for the flea collars, considering flea collars to be 
a mobile resin strip. A dog collar, containing 2.2 g Dichlorvos, would contain (2.2114.9) or 
0.15x of the amount ofDichlorvos contained in a full sized resin strip. The inhalation 
component of the exposure can be estimated, by determining the air concentration in the room 
with the pet based on the weight of the flea collar, and assuming that the resident (adult or child) 
spends 8 hours per day in the room with the pet. The inhalation MO Es from this assessment 
were 320 for adult males, 270 for adult females, 230 for children 5-11, and 110 for children 1-4. 

In addition, a dermal exposure assessment was done, using an assumption of 5 
minutes of vigorous petting of the animal each day, and hand-to-mouth exposure was assessed, 
using draft ExpoSAC policies. Preliminary data from an !SEA presentation (Exposure to 
Children and Adults to Transferable Residues of Chlorpyrifos from Dogs Treated with Flea 
Control Collars, by JS Boone, JE Chambers, and J Tyler) are available. 

Mississippi State University researchers monitored adults and children (ages 3 to 
12 years) exposed to dogs (greater than 10 lbs) that were wearing chlorpyrifos treated pet collars 
(2.54 grams ai per collar EPA Reg. No. 2724-471). Both biological sampling (urine) from 
children/adults and transferable residues from the dog were monitored in a total of 24 
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households. In addition to the biological monitoring, transferable residues were collected from 
the dog by petting an area of 4 x 10 inches (258 cm2

) for 5 minutes using cotton gloves. Areas 
sampled included the neck area with the collar, the neck area without the collar (collar removed 
from dog for sampling), and the posterior back. Transferable residue samples were collected 
prior to applying the collar and 4 hours, 1, 3, 7, 14, 28, 56, 84, 112, 140, and 168 days after 
treatment. 

Only mean transferable residue data at each sampling interval are available at this 
time. There was not much variability among the sampling intervals, so the average transferable 
residue for all sampling intervals, excluding the 4 hour measurement, was used. The unit 
transferable residue from the area around the neck with the collar averaged 124 µgig ai. Lower 
unit transferable residues were found by petting around the neck with the collar removed and 
petting on the back of the animal. This results in a absorbed dermal exposure estimate of 124 
µgig ai x 2.2 g ai, or 270 µg Dichlorvos. Adjusting for body weight, and the 11 % dermal 
absorption, the dermal exposure estimates would be 0.43 µg!kg bw/day for the adult male, 0.50 
µg!kg bw/day for the adult female, 2.0 µg!kg bw/day for toddlers, and 1.3 µg!kg bw/day for 
children. 

To estimate hand-to-mouth exposure for this scenario, the same 270 µg was 
assumed to be available for hand to mouth exposure. The ratio of the surface area of the hand 
which ends up in the mouth to the total surface area of the hand is 20 cm' I 175 cm2 = 0.11. So, 
the hand-to-mouth exposure would be 270 µg x 0.11 surface area ratio x 50% saliva extraction 
factor= 15 µg, which is divided by the bo.dy weight of a toddler (15 kg) for an oral exposure 
estimate of 1.0 µg!kg bw/day. 

The total exposure estimated in this alternative analysis is 0.00075 mg/kg/day for 
an adult male (MOE =130), 0.00078 mg/kg/day for an adult female (MOE=l30), 0.0039 
mg/kg/day for a toddler (MOE=26), and 0.0019 mg/kg/day for a child 6-10 (MOE=53). The 
toddler and children's MOEs are of concern compared to the target MOE of300. 

(d). Lawns, Turf and Ornamental Plants - Post-Application 

Residues ofDichlorvos may result from the use ofDichlorvos or from the use of 
Trichlorfon. Both sources of Dichlorvos were assessed using the same study. Residues of 
Dichlorvos are expected dissipate rapidly from lawns after treatment. This is a short-term 
exposure scenario. Because of the high vapor pressure ofDichlorvos, only the dermal exposure 
was assessed. 

The assessment for Dichlorvos use used turf transferable residue (TTR) data from 
three dislodgeable foliar residue studies submitted by the registrant, conducted in California, 
Florida, and Ontario, the above mentioned carpet study (Jazzercise), and the residential SOPs 
(Jaquith 1999c ). In the TTR studies, Dichlorvos was applied at 0.5 lb ai/ A. Two broadcast 
applications were made 1 week apart. The dermal exposure for Dichlorvos was obtained from the 
TTR study and the J azzercise portion of the carpet study where a total release fogger was used. 
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Duration of contact and hand to mouth activity was obtained from the Residential SOPs. 
Estimates assumed that an individual performs activities for 2 hours per day, one occurring one 
hour after application and the other two hours after application. Oral exposure from hand to 
mouth activity and dermal exposure estimates were obtained for each interval and summed to 
yield a total daily exposure. The total transferable residues (TTRs ), estimates of oral and dermal 
exposure for each interval, total daily exposures and resulting Margins of Exposure (MOEs) were 
determined. The target MOE is 300. Inhalation exposure was considered to be negligible due to 
rapid dissipation of Dichlorvos under these conditions. In an earlier lawn study, Maddy found no 
detectable residue ofDichlorvos in the air above the lawn 2 hours after application (Jaquith 
1998m), thus no inhalation component was added to the risk assessment. 

To account for the possibility of oral exposure in children resulting from hand to 
mouth activity it was assumed that the turf transferable residues would be available for oral 
exposure (Jaquith 1999c ). These were added to the dermal exposure estimates to yield a total 
exposure. The dermal exposure estimates were derived from the turf transferable residues and a 
regression equation from a biological monitoring study on carpet (Jazzercise). Calculations were 
done separately for each hour of exposure, The calculations have been updated to be consistent 
with the revised Residential SOPs. The estimated exposures in California were 0.00016 
mg/kg/day (MOE= 630); in Florida were 0.000036 mg/kg/day (MOE= 2800); and in Ontario 
were 0.0012 mg/kg/day (MOE=83). The average exposure was 0.00047 mg/kg/day (MOE= 
210). The MOE for Ontario and the average MOE are of concern, compared to the target MOE 
of300, although it should be noted that residues ofDichlorvos dissipated rapidly from grass, 
with a half-life of0.022 days (0.53 hours) to 0.156 days (3.7 hours). Additionally, the estimates 
are conservative because they are based on the initial transferable residue at the reentry time and 
1 hour later. 

Dichlorvos from the use of Trichlorfon. In addition to post application exposure 
from the use ofDichlorvos on lawns, post application exposure to Dichlorvos from the use of 
Trichlorfon was assessed. (Leighton, T., 2000). A Trichlorfon study was conducted, but 
Dichlorvos was not measured in that study, instead the Dichlorvos turf transferable residues were 
modeled using the half-lives of Dichlorvos from a Dichlorvos study. Even though Dichlorvos 
degrades rapidly, with a vapor pressure of IO"' mm Hg at 20 C, it is transferable from turf. 
Dichlorvos TTRs are above the detection limit for Dichlorvos up until 24 hours after treatment. 

The assessment for Dichlorvos from Trichlorfon use used the Dichlorvos half
lives from the same dislodgeable foliar residue study for Dichlorvos, Trichlorfon total 
transferable residues (TTR) residues from a Trichlorfon dislodgeable foliar residue study 
(Dichlorvos residues were not measured in this study), and the Residential SOPs. Trichlorfon 
was applied at 8.1 lb ai/A. The initial TTR ofTrichlorfon was 0.0829 µg/cm2. TTRs of 
Dichlorvos were modeled using the calculated half-lives of Trichlorfon and Dichlorvos. The 
calculations were done using a spreadsheet-based model developed by EFED to estimate the 
decay rate of a chemical and its degradate applied to short grass for single or multiple 
applications. A first order decay assumption is used to determine the concentration at each day 
after initial application based on the concentration resulting from the initial and additional 
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applications. The maximum Dichlorvos TTR was found at 11 hours after treatment. A second 
estimate was made, based on a Trichlorfon application rate of 5 .4 lb ai/ A. Depending on the 
half-life and application rate assumed, the Dichlorvos TTR ranged from 0.0028 µg/cm2 to 0.0097 
µg/cm2

• Exposure from hand-to-mouth activity for toddlers was added to arrive at total 
estimated exposure. (Leighton, 2000). Adult exposures ranged from 0.00044 mg/kg/day to 
0.00013 mg/kg/day, and MOEs from 230 to '770. Toddler exposures ranged from 0.0010 
mg/kg/day to 0.00028 mg/kg/day, and MOEs from 100 to 357, compared to the target MOE of 
300. The margins of exposure for the high end exceed our level of concern, although the 
estimates of exposure are still considered to be conservative, since the starting point was the 
maximum dislodgeable foliar residue ofTrichlorfon of0.0829 µg/cm2

, and the next highest TTR 
was 0.0145 µg/cm2

, and as pointed out above, Dichlorvos residues dissipate rapidly from grass. 
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Table 15. Summary of Occupational/Residential Exposure and Risk Estimates for Dichlorvos 

USES NOTES EXPOSURE Current Exposure (mg/kg/day) Current 
PATTERN 1 MOE 

Dermal Inhalation Total 

RESIDENTIAL EXPOSURE All Tar2et MOEs for Residential Scenarios are 300. 

RESIDENTIAL HANDLER 2 

(a) Pressurized aerosol spray 3 Short-tenn 0.0017 5.50e-05 0.0017 59 
can 

RESIDENTIAL 
POST-APPLICATION 

(a) Total release fogger 4 Short-tenn 0.015 fucluded in the 6.7 
Pressurized aerosol 5 absorbed dennal dose 
Crack and crevice treatment 6 from a biomonitoring 

(Adults and children) study 

(b) Resin pest strips 7 Long-term, NIA Adult Male 0.0022 0.0022 23 
Full size strip 80 g Inhalation 
16 hours exposure/day Only NIA Adult Female 0.0019 0.0019 27 

NIA Child, 1-4 0.0058 0.0058 9 

NIA Child, 5-11 0.0039 0.0039 13 

(b) Resin µest strips 7 Long-term, NIA Adult Male 0.00027 0.00027 180 
Full size strip 80 g Inhalation 
2 hours exposure/day Only NIA Adult Female 0.00023 0.00023 210 

NIA Child, 1-4 0.00072 0.00072 70 

NIA Child 5-11 0.00049 0.00049 100 

(b) Resin pest strips 7 Long-tenn, NIA Adult Male 0.00058 0.00058 109 
Closet sized strip 21 g Inhalation 
16 hours exposure/day Only NIA Adult Female 0.00050 0.00050 93 

NIA Child, 1-4 0.0015 0.0015 38 

NIA Child 5-11 0.0010 0.0010 78 

(b) Resin pest strips 7 Long-term, NIA Adult Male 0.00029 0.00029 360 
Cupboard size strip 5.25 g Inhalation 
16 hours exposure/day Only NIA Adult Female 0.00025 0.00025 310 

Child, 1-4 0.0007 0.0007 130 

NIA Child 5-11 0.0005 0.0005 260 

(c) Pet flea collars 8 Long-term, No Data Adult Male; 0.0015 0.0015 33 
Inhalation 

Only Adult Female; 0.0013 0.0013 38 

Child, 1-2; 0.0037 0.0037 14 

Child 3-5; 0.0033 0.0033 15 

Child 6-8; 0.0027 0.0027 19 

Male9-ll;0.0026 0.0026 19 

Female. 9-I 1 · 0.0023 0.0023 22 
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Table 15. Summary of Occupational/Residential Exposure and Risk Estimates for Dichlorvos 

USES NOTES EXPOSURE Current Exposure (mg/kg/day) Current 
PATIERN 1 MOE 

Dermal Inhalation Total 

( c) Pet flea collars - alternative 7 Long-term, 0.00043 Adult male: 0.00032 0.00075 130 
analysis ("mobile pest strip") Inhalation & 

Dermal& 0.00050 Adult female: 0.00028 0.00078 130 

Hand to 
Mouth 0.0030 Child (1-41: 0.00086 0.0039 26 

(toddler only) 
0.0013 Child (5-11): 0.00058 0.0019 53 

(d) Lawns, Turf and Ornamental w Short-term CA: 0.00016 Negligible 0.00016 630 
plants 

Post-application - Children FL: 0.000036 Ne2:1igible 0.000036 2800 

(Includes hand-to-mouth) 
ONT:0.0012 Negligible 0.0012 83 

Ave: 0.00047 Negligible 0.00047 210 

(d) Lawns, Trichlorfon use 20 
Post-application 

Adult - high end Short-tenn 0.00044 NegJigible 0.00044 230 

Adult - low end 0.00013 Nee:ligible 0.00013 770 

Toddler - high end 0.0010 Negligible 0.0010 100 

Toddler - low end 0.00028 Negligible 0.00028 357 

OCCUPATIONAL 9 All Target MOEs for Occupational Scenarios are 100 
EXPOSURE -
i. Crack & crevice 10 Short-term 0.011 0.0071 0.018 5 

treatment in homes 

ii. Mushroom house 11 

Applicator, Hand Held Short term 0.071 Negligible 0.071 1.4 
Fogger 

Applicator, Coarse Spray Intermediate 
term 

Hand Held Sprayer 0.0016 0.0012 0.0028 18 

Backpack Sprayer 0.0026 0.0012 0.0038 13 
(471) 

Backpack Sprayer 0.0022 0.0013 0.0035 14 
(416) 

Portable Sprayer on 0.0068 0.0035 0.010 5 
Cart 

Reentrv r24~hour REJ\ Short-term 0.0010 0.0021 0.0031 32 
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Table 15. Summary of Occupational/Residential Exposure and Risk Estimates for Dichlorvos 

USES NOTES EXPOSURE Current Exposure (mg/kg/day) Current 
PATTERN1 MOE 

Denna I Inhalation Total 

iiL Greenhouse l2 

Applicator - hand held fogger Short-term 0.15 0.00034 0.15 0.66 

Applicator - total release Short-term total release foggers negligible 
foP-P-er 

Reentn.r (IO-hour REI) Short-term 0.0007 0.000076 0.00078 130 

iv. Domestic Anima1 Premises 
(food and non-food) and Direct 
Animal sprays, Feedlots, Manure 
Treatment, Garbage Dumps and 
Baits 
(a) Applicator 

Domestic food/nonfood 13 Intermediate 
animals term 

(non-noultry) 

Hand Held Sprayer 0.000024 0.000025 0.000049 1000 

Backpack Sprayer 0.00037 0.000025 0.00040 120 
(471) 

Backpack Sprayer 0.000039 0.000055 0.000094 780 
(416) 

Portable Sprayer on 0.00010 0.00010 0.00017 290 
Cart 

Domestic food/nonfood 14 Intermediate No data; not expected to exceed dairy barn 
animals term 

(nnultry) 

Domestic animal premises 15 Short-tenn 
(food and non-food) - Dairy barns 
applicator exposure 

Hand Held Spraver 0.000011 0.000010 0.000021 4800 

Backpack Sprayer 0.00015 0.000010 0.00015 620 
(471) 

Backpack Sprayer 0.000016 0.000010 0.000026 3800 
(416) 

Portable Sprayer on 0.000042 0.000028 0.000070 1400 
Cart 

Granular and liquid baits Short-term No data for liquids, not expected to exceed dairy barns. Granular 
baits, negligible exposure. 

Feedlots 16 Short-term No data; not expected to exceed dairy barns 

Manure 17 Short-term No data; not expected to exceed dairy barns 

Garbacre dumns 18 Short-term No data· not evnected to exceed dairv barns 
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Table 15. Summary of Occupational/Residential Exposure and Risk Estimates for Dichlorvos 

USES NOTES EXPOSURE Current Exposure (mg/kg/day) Current 
PATTERN 1 MOE 

Dermal Inhalation Total 

fh) Post-anplication (Reentry) No data No Data NIA 

v. Lawns, Turf and Ornamental 19 Short-Tenn 
plants - applicator exposure 

Liquids, (sing]e layer, gloves) 0.0023 0.000046 0.0023 50 

Liquids, (coveralls, gloves) 0.0013 0.000046 0.0017 90 

Granular, (single layer, 0.0010 0.00019 .0012 83 
i;doves) 

Granular, (coveralls, gloves) 0.00050 0.00019 .00069 140 

Lawns, Turf and Ornamental 20 Short-term See reentry under residential, ornamental lawns, turf, and plants 
plants 

(b) Post-application 

vi. Warehouse treatment 

(a) Annlicator Short-term EYnosure and risk from automatic foaaers is nei!lfri:ible 

(b) Reentry (Food 21 Short-term 0.000034 0.019 0.019 5.3 
Manufacturing Plant) 

(c) Reentry (Warehouse) 22 Short-term 0.000034 0.0022 0.0022 45 

vii. fusect travs 23 Short-term NeoJjrrible 

NOTES: The following notes define the assumptions used in calculating the margins of exposure. 
Risk is expressed as a Margin of Exposure (MOE) 

MOE~ NOAEL , where both the NOAEL and the Exposure are expressed in mg/kg/day 
Exposure 

I. Doses and toxicological endpoints for short term dermal and inhalation occupational and residential risk assessments 
are based on an oral NOAEL of 0.1 mg/kg/day from a rabbit developmental study. A dermal absorption factor of 11 % 
was used. The applicator ls assumed to weigh 60 kg because a developmental endpoint is used. Doses and 
toxicological endpoints for intermediate term dermal and inhalation occupational and residential risk assessments are 
based on an oral NOAEL of 0.05 mg/kg/day from a chronic dog study. A dermal absorption factor of 11 o/o was used. 
The applicator is assumed to weigh 70 kg. Based on the use pattern, long-term dermal risk assessment is not required. 
The long-term inhalation risk assessment is based on a NOAEL of 0.05 mg/kg/day from a chronic inhalation study in 
rats. For residential exposure assessments, a toddler is assumed to weigh 15 kg, and a child, 22 kg. 

2. An average resident applicator weighs 70 kg (60 kg for the short -term assessments) and has a respiratory volume of 1.0 
m3 /hour (NAFTA value for moderate activity). Assumes short pants, short sleeves, and no gloves. 

3. Residential use of pressurized aerosol product is based on application of an entire 16 ounce can of 0.5 pe~ent 
Dichlorvos pressurized aerosol (0.005 lb ai). EPA estimated the risk to residents for different clothing scenarios. 
Pressurized aerosol products containing Dichlorvos do not have any clothing requirements, therefore EPA is assuming 
that Dichlorvos is applied during hot weather when an individual will be wearing only shorts, short sleeve shirt, and 
shoes. Surrogate data tables (scenario l 0) from PHED Vl .1 and a dermal absorption factor were used to estimate 
dermal exposure. The risk assessment is based on applicatiori by a 60 kg female. (Jaquith, 2001) 
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4. The assessment is based on biornonitoring data (urinary excretion ofDMP from exposure to Dichlorvos) and represents 
the dose to the individual. An estimate of oral exposure was obtained by assurriing that all material on hands (from 
passive dosimetry data) is available for ingestion. (Jaquith, l998k) The oral exposure from passive dosimetry is added 
to the dermal exposure from biomonitoring. (Jaquith, l 993b) Children, perfonning the same activities as adults were 
considered to have the same exposure as an adult on a mg per kg basis. 

5. Same as for fogger. This is a conservative assumption. 

6. Same as for fogger. This is a conservative assumption. 

7. Assumes 365 days of exposure per year, 16 hours per day. A time weighted average concentration, derived from 
integration of decay equations for Dichlorvos in homes, was used to estimate daily exposure (Jaquith 1998h). Smaller 
strips would yield proportionally smaller exposures. A low end exposure estimate was made, assuming 2 hours of 
exposure per day, Exposure estimates were made for smaller resin strips, assuming proportionally smaller exposures. 

8. Assumes 365 days of exposure per year, 1 hour in close contact to animal, 8 hours casual exposure per day (Jaquith 
! 998j). 

Alternative assessment assumes that the flea collar is like a mobile resin strip, and the resident spends 8 hours per day 
in the room with the pet The air concentration is obtained by ratioing the concentration from a full sized resin strip. 
Dermal assessment assumes transferable residue from chlorp)'Tifos petting study, 1875 cm2 hug per day. 
2.2 g ai x 0.124 mg exposure/g ai x 0.11 dermal absorption/ 15 kg bw for toddler = 0.002 mg/kg/day 

Incidental oral exposure from hand-to-mouth activity uses the same chlorpyrifos study, and assumes that 2 fingers (20 
cm2

) are placed in the mouth, the transferable residue is on a 175 cm2 hand, and 50% of the Dichlorvos is extracted by 
saliva. This is added to the dermal exposure for toddlers only. 
2.2 g ai x 124 µgig ai x 20 cm2 I 175 cm' x 0.50 saliva extraction= 15 µg dichlorvos 
O.Ql5 mg dichlorvos /15 kg bw for toddler= 0.0010 mg/kg/day 
Summed oral plus absorbed dermal exposure for toddlers is shown in the table under dermal exposure 
0.0020 mg/kg/day+ 0.0010 mg/kg/day= 0.0030 mg/kg/day 

9. An average worker weighs 60 kg for short term assessments, and 70 kg for intermediate term assessments and has a 
respiratory volume of 1.0 m3 /hour (NAFTA Value). Therefore, a variety of scenarios are presented for these three 
uses. At a minimum, the following protective clothing was used in the exposure scenarios: gloves, long-sleeve shirt, 
long pants. 

I 0. A 0.5% solution ofDichlorvos is applied using a hand-held low-pressure sprayer. It is assumed that 0.067 lb 
Dichlorvos is applied by PCO 10 times per day, I day a week for 44 weeks. An average commercial applicator wears 
coveralls, chemical resistant gloves, and shoes. A respirator is not worn. Frequency of use is considered to be short
term (1 application/week) based on use frequency information from the National Pest Control Association. Dermal and 
inhalation exposures were obtained from PHED Vl. l. A respiratory volume of 1.0 m3 /hour has been used (adjusted 
from PHED default of 1.5 m3/hr to account for NAFTA value). The dermal and inhalation MOEs were both calculated 
using a NOAEL of 0.1 mg/kg/day from the developmental rabbit study and an 11 % dermal absorption factor. 

11. An average mushroom house has a volume of 30,000 ft3
. Dichlorvos is applied with a hand-held fogger at a rate of 2.0 

grams of active ingredient per 1000 :ft3 or 60 grams per treatment; 16 days per year, 10 houses per day; 4 minutes per 
house or 40 minutes per day, and a 70 kg applicator. Protective clothing was slightly different for each application 
method. For reentry exposure, it was assumed that a worker reenters a ventilated mushroom house 24 hours after 
treatment and is exposed for 8 hours. The unit exposures assume workers are wearing coveralls, hood, gloves, apron, 
boots, goggles, and a respirator. 

For the coarse spray, Dichlorvos is applied at 5.3 lb ailday (10 houses x 0.53 lb ai per house; 10098 f\2. per house). 
Applicators are assumed to wear long pants, long sleeve shirt and gloves. The applicator exposure data are from a 
PHED Vt. I low confidence data set. The exposure values are corrected for a dermal absorption of 11 %. Adding an 
additional layer of clothing (coveralls) is expected to reduce the dermal exposure by SOo/o, resulting in Total MOEs of 
10-35. 
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Dermal reentry exposure represents the maximum expected at any REI. The inhalation reentry exposure is 0.0085 
mg/kg/day and 0.0049 mg/kg/day at 12- and 24-hour reentry intervals, respectively. The MOE for 24-hours is reported 
in the table. 

For reentry exposure, it was assumed that a worker reenters a ventilated mushroom house 24 hours after treatment and 
is exposed for 8 hours, breathing rate of 1.0 m3 /hr, and 60 kg worker. The post.-application exposures for mushroom 
houses were derived from information from a textbook on mushroom culture and a study conducted by the California 
Department of Food and Agriculture (CDF A) , now called the California EPA (CalEPA) in which air and surface 
residues were measured in mushroom houses where Dichlorvos had been applied (Maddy 1981, Jaquith 1998d). This 
was a limited study measuring surface residues and air concentrations in 2-4 mushroom houses over 24 hours. 

12. A typical greenhouse operation consists of seven greenhouses, each with a volume of 85,000 ft3
. All seven 

greenhouses are assumed to be treated in 1 day. Workers were assumed to be wearing coveralls, hood, gloves, apron, 
boots, goggles, and a respirator. Dichlorvos is applied at the rate of 1.4 grams of active ingredient per 1,000 ft3. For 
reentry, a 1981 CDF A (now Cal/EPA) Dichlorvos study was used rather than translating data from the warehouse 
assessment as was done for the PDZ/3. (Jaquith l 998d). 

13. Worker exposure from direct application to animals is based on dairy cattle treatment. A one percent solution of 
Dichlorvos is applied with a handheld sprayer. An average herd of dairy cattle consists of 65 head, each requiring 24 
seconds to spray, two times per day during treatment. Fly control is required from May to October with application 
expected to be occurring weekly rather than 2 x per day during this time (26 times per year). Although permitted on 
product labels, EPA does not believe that direct application with a handheld sprayer is used. Rather, some type of 
automated equipment is used to apply Dichlorv_os directly to animals. Space and premise treatments also help control 
insects on animals. Since several registered products provjde guidance on use with a handheld sprayer, the exposure 
and risk are estimated here for that application method, which is expected to result in a much higher exposure than 
automated methods. Exposure assessment for direct application to dairy cattle using a handheld sprayer were conducted 
using PHED VI.I. Applicators were assumed to wear Jong sleeve shirts, long pants, and gloves. 

14. Data for cattle cannot be extrapolated to poultry, because of the different application method and less frequent 
applications. Individual animals are less likely to be treated directly and the equipment is more likely to be automated. 
As a result, exposure from applying Dichlorvos to poultry is expected to be much lower than for cattle. 

15. An average dairy barn has the dimensions 30 ft x 100 ft x 9 ft (total area covered is 5,340 ft'). (Dow, M., 1985). 
Dichlorvos is applied at two week intefvals for 22 weeks, one barn per day. A 1.0 percent solution ofDichlorvos is 
applied using a low pressure hand sprayer at a rate of 0.0115 lb a.i. per 1000 ft2. A worker wears long sleeve shirt, 
long trousers, shoes and impervious gloves at a minimum. 

16. Feedlots include stockyards, corrals, holding pens and other areas where large groups of animals are contained. EPA 
assumes that some type of power sprayer capable of treating a large number of animals in a short time is probably used. 
A short application. time period in an outdoor or partially enclosed area would minimize exposure to less than that of 
dairy applications. 

17. MOE is expected to be greater than 100 for manure use. Application equipment may be similar to those used in a dairy 
barn; however, the application time would probably be less and the treated area would be well ventilated - either 
outdoors or in a partially ericlosed area. 

18. Exposure at a garbage dump is believed to be less than dairy exposure. 

19. Use on ornamental lawns, turf and plants obtamed from ORETF data (G. Bangs, 2001, Jaquith, 2001). Exposures 
were calculated for two clothing scenarios, a single layer of clothing and gloves, and coveralls and gloves. 
Applications at 0.5 lb ail A can be made by hose-end spraygun or by a granular push-type spreader. An applicator is 
assumed to treat 5 acres per day. This is a short tenn exposure scenario, because the applicator would not be expected 
to apply Dichlorvos daily for a long period of time. 

The geometric mean dermal exposure for handgun applicators while wearing a single layer of clothing and gloves was 
0.5 mg/lb ai. When coveralls were worn the geometric mean dermal exposure was 0.27 mg/lb ai. The arithmetic mean 
inhalation exposure was 0.0019 mg/lb ai. Assumes that 5 acres are treated per day at a rate of0.5 lb ai/A (2.5 lb ai 
handled per day), and that the applicator wears a single layer of clothing and gloves while applying a liquid or granular 
formulation. 
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Single layer of clothing: 
Dermal Exposure~ (2.5 lb ai/day x 0.5 mg/lb ai x 0.11 ) / 60 kg bw ~ 0.0023 mg/kg/day 
If coveralls are worn the dermal exposure is: 
Dermal Exposure~ (2.5 lb ai/day x 0.27 mg/lb ai x 0.11)/60 kg bw ~ 0.0013 mg/kg/day 
Inhalation Exposure~ (2.5 lb ai/day x 0.0019 mg/lb al x 1.7 NAFTA volume adj.) 160 kg bw ~ 0.000046 mg/kg/day 
Total Exposure (mg/kg/day) ~ 0.0023 mg/kg/day+ 0.000046 mg/kg/day~ 0.0023 mg/kg/day 

The dermal exposures for cyclone granular spreaders from the ORETF studies were 0.35 mg/lb ai (single layer no 
gloves), 0.22 mg/lb ai (single layer, gloves), and 0.11 mg/lb al (coveralls and gloves). The inhalation exposure was 
0.0075 mg/lb ai. 

20. Reentry exposure to corrnnercial turf farms is considered to be negligible because of cultural practices is such facilities. 
The primary reentry activities in a commercial turf farm are mowing and the cutting of sod. The characteristics of 
Dichlorvos make it unlikely that such a product would be used immediately preceding such activities. (Jaquith, D, 
1999c). 

The calculations for oral and dennal exposure to children playing on turf have been updated to be consistent with the 
revised Residential SOPs. 

Hand to mouth exposure for each hour of exposure= TTR (ng/cm2)x20 cm2 x 20 activities/hr x 0.5 saliva extraction 
1000 ng/µg x 15 kg body weight 

Dermal Exposure~ [TTR (ng/cm').,.1000 ng/ugx 24400 -57.3) x 0.1 l 
70kg 

Activities on the lawn start I hour after spraying to allow sprays to dry. Assumes 2 hours of activities per day, with I 
hour of exposure represented by one 20 minute Jazzercise session. Calculations were done separately for each hour of 
exposure, and are therefore conservative. All calculations include estimate of oral exposure due to hand to mouth 
activity for children playing on home lawns. Mean ITRs were 4.7 in CA, 1.6 in FL, and 22 ng/cm2 in ON after 1 hour, 
and 0.65, 1.15, and 4.5 ng/cm"- after 2 hours, for the three locations, respectively. The 24400 and -57.3 are coefficients 
from the regression equation from the Jazzercise study. 

The assessment for Dichlorvos from Trichlorfon use used the Dichlorvos half-lives from the same dislodgeable foliar 
residue study for Dichlorvos, Trichlorfon total transferable residues (TTR) residues from a Trichlorfon dislodgeable 
foliar residue study (Dichlorvos residues were not measured in this study), and the Residential SOPs. TTRs of 
Dichlorvos were modeled using the calculated half-lives ofTrichlorfon and Dichlorvos. The calculations Were done 
using a spreadsheet-based model developed by EFED to estimate the decay rate of a chemical and its degradate applied 
to short grass for single or multiple applications. A first order decay assumption is used to determine the concentration 
at each day after initial application based on the concentration resulting from the initial and additional applications. 
Exposure from hand-to-mouth activity for toddlers was added to arrive at total estimated exposure. (Leighton, 2000). 

21. Dichlorvos can be applied to food processing facilities with wall-mounted automatic foggers. Exposure to 
mixer/loaders through automatic application is expected to be negligible; however, there would still be reentry 
exposure. In estimating reentry exposure to food processing facilities, EPA assumed 24 hours elapsed before reentry is 
allowed, as required on labels; and that workers spend 8 hours per day in the treated area for the next 3 days. 
Dichlorvos is applied at the rate of 2.0 grams active ingredient per 1,000 ft3 over a period of 125 minutes per 
application. Exposure estimates are for the day following treatment. Dermal exposure was measured for the hands only 
and represents an average of the total exposure measured for three work stations. 

22. Dichlorvos can be applied to food warehouses with wall-mounted automatic foggers. In estimating reentry exposure to 
warehouse facilities, EPA assumed 24 hours elapsed before reentry is allo\ved, as required on labels; and that workers 
spend 60 minutes per day in the treated area. Dichlorvos is applied at the rate of 2.0 grams active ingredient per 1,000 
tt3 over a period of 125 minutes per application. Exposure estimates are for the day following treatment. Dermal 
exposure was measured for the hands only and represents an average of the total exposure measured for three work 
stations. 

23. Exposure is believed to be negligible since the pesticide is in the form of an impregnated strip and the traps are placed 
in outdoor areas (such as forests) where there is no human exposure. 
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V. Aggregate and Cumulative Exposure and Risk Characterization 

The Food Quality Protection Act amendments to the Federal Food, Drug, and Cosmetic 
Act (FFDCA, Section 408(b)(2)(A)(ii)) require that for establishing a pesticide tolerance "that 
there is reasonable certainty that no harm will result from aggregate exposure to pesticide 
chemical residue, including all anticipated dietary exposures and other exposures for which there 
are reliable information." Aggregate exposure is the total exposure to a single chemical (or its 
residues) that may occur from dietary (i.e., food, and drinking water), residential and other 
non-occupational sources, and from all known or plausible exposure routes (oral, dermal and 
inhalation). Aggregate risk assessments are typically conducted for acute (1 day), short-term (1-7 
days), intermediate-term (7 days to several months), and chronic (several months to lifetime) 
exposure. 

A. Acute Aggregate Risk 

The acute aggregate risk estimate to Dichlorvos addresses exposures from food and 
drinking water. For the highly refined acute probabilistic dietary exposure analysis, PDP and 
FDA monitoring data and FDA TDS data were used to the greatest extent possible, along with 
field trial data, cooking and processing factors, and degradation studies to assess dietary 
exposures. The Dichlorvos acute dietary risk estimates, including all sources of residues of 
Dichlorvos, range from 17% to 67% of the aPAD at the 99th percentile of the population, with 
children (1-6 yrs) being the highest exposed population subgroup. Thus, the acute dietary (food) 
risk estimate associated with Dichlorvos exposure is below the Agency's level of concern. 

Using conservative screening-level models, the acute estimated concentrations (EECs) of 
Dichlorvos in groundwater (SCI-GROW) range from 0.0002 to 0.015 µg/L. The acute surface 
water EECs, based on upper-bound monitoring data results, are 0.435 µg/L, 2.2 µg/L, and 81.7 
µg/L, resulting from the use ofDichlorvos, Naled, and Trichlorfon, respectively. The EECs 
from the use ofDichlorvos are less than the DWLOCs for all populations (the EEC of0.060 µg/L 
is less than the lowest DWLOC of 1.7 µg/L), indicating that acute food and drinking water 
exposures do not exceed the Agency's level of concern. It should be noted that neither the 
SCI-GROW model nor the monitoring data reflect concentrations after dilution (from source to 
treatment to tap) or drinking water treatment. HED concludes that acute aggregate Dichlorvos 
exposure in food and water from the use ofDichlorvos does not exceed the Agency's level of 
concern. However, the EEC ofDichlorvos in surface water, resulting from the use of 
Trichlorfon, of81.7 µg/L and the EEC ofDichlorvos in surface water, resulting from the use of 
Naled of2.2 µg/L, from the GENEEC models indicates a potential risk concern. 

B. Short-Term Aggregate Risk 

The short-term aggregate risk estimate includes chronic dietary (food and water) from 
Dichlorvos uses, and short-term non-occupational exposures (i.e., residential/recreational uses). 
DWLOCs were not calculated for short term exposure. Because the short term residential 
exposure scenarios are associated with risks of concern, the DWLOCs would effectively be zero. 
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C. Intermediate-Term Aggregate Risk 

The intermediate-term aggregate risk estimate includes chronic dietary (food and water) 
from Dichlorvos uses, and intermediate-term non-occupational exposures (i.e., residential/ 
recreational uses). There are no residential/recreational uses with an intermediate-term exposure 
scenario. Therefore, an intermediate-term aggregate risk estimate was not evaluated. 

D. Chronic Aggregate Risk 

The chronic aggregate risk estimate to Dichlorvos addresses exposures from food and 
drinking water. For the highly refined chronic dietary exposure analysis, PDP and FDA 
monitoring data, and FDA TDS data were used to the greatest extent possible, along with field 
trial data, cooking and processing factors, and degradation studies to assess dietary exposures. 

The Dichlorvos chronic dietary risk estimates range from 1 to 2% of the cP AD, with 
children (1-6 yrs) being the highest exposed population subgroup. Thus, the chronic dietary 
(food) risk estimate associated with Dichlorvos exposure is below the Agency's level of concern. 
Using conservative screening-level models, the groundwater EECs range from 0.002 to 0.015 
µg/L. The upper-bound surface water EEC, based on conservative screening level models, is 
0.060 µg/L from the use ofDichlorvos, 2.2 µg/L from the use ofNaled and 11.7 µg/L from the 
use of Trichlorfon. 

For chronic drinking water exposure, the modeled groundwater concentrations of 0.0002 
to 0.015 µg/L exceed the DWLOC,.,.0 ,, of zero µg/L. The modeled surface water concentrations 
ofDichlorvos (0.06 µg/L) and of Naled and Trichlorfon-derived Dichlorvos (2.2 and 11.7 µg/L, 
respectively) also exceed the DWLOC,"'°"'' of zero µg/L. The DWLOC,hrnn«: value is driven by 
the chronic residential inhalation exposure to Dichlorvos from resin pest strips, for which the 
chronic exposure exceeds our level of concern without considering water exposure. As 
mentioned above, food and water exposure to Dichlorvos is minimal compared with residential 
exposure. Therefore, any water exposure will add mimimally to exposures and risks of concern. 

E. Cumulative Exposure and Risk 

The Food Quality Protection Act (1996) stipulates that when determining the safety of a 
pesticide chemical, EPA shall base its assessment of the risk posed by the chemical on, among 
other things, available information concerning the cumulative effects to human health that may 
result from dietary, residential, or other non-occupational exposure to other substances that have 
a common mechanism of toxicity. The reason for consideration of other substances is due to the 
possibility that low-level exposures to multiple chemical substances that cause a common toxic 
effect by a common mechanism could lead to the same adverse health effect as would a higher 
level of exposure to any of the other substances individually. A person exposed to a pesticide at a 
level that is considered safe may in fact experience harm if that person is also exposed to other 
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substances that cause a common toxic effect by a mechanism common with that of the subject 
pesticide, even if the individual exposure levels to the other substances are also considered safe. 

Dichlorvos is a member of the organophosphate (OP) class of pesticides. All pesticides of 
this class contain phosphorus and other members of this class of pesticides are numerous and 
include Azinphos Methyl, Chlorpyrifos, Chlorpyrifos-Methyl, Diazinon, Dichlorvos, 
Dicrotophos, Dimethoate, Disulfoton, Methamidophos, Methidathion, Monocrotophos, Naled 
Oxydemeton-Methyl, Phorate, Phosmet, Pirirniphos-Methyl, and Trichlorfon to name a few. EPA 
considers organophosphates to express toxicity through a common biochemical interaction with 
cholinesterase which may lead to a myriad of cholinergic effects and, consequently the 
organophosphate pesticides should be considered as a group when performing cumulative risk 
assessments. HED recently published the final guidance that it now uses for identifying 
substances that have a common mechanism of toxicity (FR 64(24) 5796-5799, February 5, 1999). 

Dichlorvos is more closely related to Naled and Trichlorfon, which are members of the 
organophosphate class of pesticides. Naled and Trichlorfon can metabolize or degrade to 
Dichlorvos in food, water, or the environment. Therefore, FQP A requires OPP to estimate 
cumulative risk from consumption of food and water, containing Dichlorvos derived from Naled 
and Trichlorfon, and from residential exposure to those pesticides. 

HED has recently developed a framework that it proposes to use for conducting 
cumulative risk assessments on substances that have a common mechanism of toxicity. This 
framework was presented to the SAP. The SAP was in general agreement with the framework, 
and made recommendations for improving it. HED plans to release the proposed framework for 
public comment in March 2000. The framework is available from the Internet at: 
http://www.epa.gov/scipoly/. In the framework it is stated that a cumulative risk assessment of 
substances that cause a common toxic effect by a common mechanism will not be conducted 
until an aggregate exposure assessment of each substance has been completed. The framework is 
expected to be finalized by the fall of 2000. When the methods are completed and peer reviewed, 
EPA will proceed with a cumulative assessment of the organophosphates. The current 
assessment addressed only the risks posed by Dichlorvos, resulting from the uses of Dichlorvos, 
N aled, and Trichlorfon. 

VI. Risk Characterization 

The Dichlorvos risk assessment contains strengths, weaknesses, and uncertainties based 
on the existing toxicological and exposure data, modeling methodologies, data gaps, and gaps in 
scientific knowledge. This assessment uses standard assumptions regarding human body weight, 
work life, and other exposure parameters; and interspecies extrapolation to estimate risks. 
Additional assumptions were made regarding route to route extrapolation. Strengths and 
uncertainties of the assessment are described below. 
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The carcinogenicity ofDichlorvos has been evaluated by internal and external peer 
review connnittees: the OPP Carcinogen Assessment Review Connnittee, the Agency CRAVE 
Workgroup, and the FIFRA Science Advisory Panel. In addition, the Dichlorvos Registrant, 
AMV AC, has conducted an independent peer review of the carcinogenicity and mutagenicity of 
Dichlorvos by a Blue Ribbon Panel. The Agency has classified the Carcinogenic potential of 
Dichlorvos as "suggestive" under the 1999 Draft Agency Cancer Guidelines and no quantitative 
assessment of cancer risk is required. 

The cholinesterase effect was noted in several species following acute, subchronic, or 
chronic oral exposure. In the animal studies, the NOAEL for cholinesterase inhibition was 
within the range of 0.1 to 3 mg/kg/day for all species. In the acute oral human volunteer study, 
the NOAEL was 1.0 mg/kg in for red blood cell cholinesterase inhibition. Plasma cholinesterase 
was not measured in the human study. Dichlorvos is also associated with cholinesterase 
inhibition in a chronic rat inhalation study, with a NOAEL of 0.05 mg/kg/day. The chronic dog 
feeding study and the chronic rat inhalation study have similar NOAELs, which supports the use 
of the rat inhalation study for chronic exposure. 

The chronic rat inhalation study has been reviewed by OPP's toxicologists and internal 
peer review committees and by the Agency RfC Connnittee. This study is the basis for the 
NOAEL of 0.05 mg/kg/day for this assessment and the basis for the Agency RfC for Dichlorvos 
cited in the on-line IRJS database. 

The Dichlorvos Registrant has conducted an independent peer review of the 
cholinesterase endpoint for Dichlorvos by a Blue Ribbon Panel of Experts. The conclusions of 
the Blue Ribbon Panel were presented orally at the July 1998 SAP. The Agency has informally 
reviewed the Blue Ribbon Panel Report and determined that it pertains to the generic issue of 
cholinesterase endpoints. 

As noted above, most of the toxicology data used to support the cholinesterase endpoint 
were from oral studies. Occupational and residential exposure to Dichlorvos occurs by dermal 
and inhalation routes. For the purposes of this risk assessment, the Agency uses 11 % dermal 
absorption (based on animal data) and 100% inhalation absorption (default assumption). Data 
from a rat dermal absorption study show that Dichlorvos applied to the shaved skin was absorbed 
at a rate of 11 %. Therefore, the Agency has high confidence in the use of 11 % dermal absorption. 

The Agency has high confidence in the residue data used for dietary exposure estimates. 
For most connnodities, the Agency used residue monitoring data from USDA's PDP, FDA's 
Surveillance Monitoring and FDA's TDS, which are the best available residue data. These data 
showed very few detects ofDichlorvos. Therefore, the anticipated residues used in the dietary 
exposure assessment are primarily based on one-half the level of detection for Dichlorvos. This is 
a conservative assumption which is not likely to underestimate dietary exposure and risk. 
However, very little monitoring data are available for fumigated connnodities. Extensive 
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translation of monitoring data was done from one fumigated commodity to another. This may 
either over or underestimate dietary risk. 

Dichlorvos residues may be present in water and food as a result of use of three 
pesticides: Dichlorvos (DDVP), Naled, and Trichlorfon. Dichlorvos is a degradate ofNaled and 
Trichlorfon. The environmental fate and Effects Division (EFED) evaluated the potential for 
Dichlorvos to contaminate water from these sources. The environmental fate properties of 
Dichlorvos, Naled, and Trichlorfon are an indicator of the potential of these compounds to 
migrate to ground or surface water. EFED has limited monitoring data on the concentrations of 
Dichlorvos, Naled, or Trichlorfon in groundwater. Validated monitoring data for Dichlorvos, 
Naled, and Trichlorfon are available for the states of California and Hawaii from the Pesticides in 
Groundwater Database. These data indicated that neither Naled, Dichlorvos, nor Trichlorfon 
have been detected in groundwater; however, these data were not targeted to the pesticide use 
area. OPP does not have any surface water monitoring data on the concentrations ofDichlorvos, 
Naled, or Trichlorfon at the present time. Therefore, the Tier I screening model GENEEC was 
used to estimate surface water concentrations for Naled, Trichlorfon and Dichlorvos. The Tier II 
(PRZM) model could not be used because there is no scenario in the model for turf. 

Exposure estimates for a number of occupational and residential scenarios were derived 
from limited data from the scientific literature, textbooks, and knowledge of cultural practices. 
Other estimates, particularly in the residential environment, were derived from chemical specific 
monitoring data, including biomonitoring, in combination with models and literature studies. 
Any residential exposure assessment conducted by the Agency contains appreciable uncertainty 
because oflirnits in scientific knowledge of human behavior patterns. Nonetheless, the Agency 
considers the occupational and residential exposure estimates to be the best available with 
current methodologies. 

VII. Data Needs 

Most of the Reregistration data requirements for Dichlorvos have been fulfilled. The few 
remaining data requirements are described below. 

A. Toxicology Data Requirements 

Although the guideline toxicology data requirements for Dichlorvos have been fulfilled, 
the Agency has requested a developmental neurotoxicity (DNT) study in rats to address the 
issues of special susceptibility raised by the study by Mehl et. al. The Mehl study is a non
guideline study from the literature which raises numerous questions about the potential special 
susceptibility of Dichlorvos, which could not be dismissed by the Agency. The concern raised by 
the study is supported by other literature studies reporting that the pesticide Trichlorfon affects 
brain development in pigs. Since Trichlorfon metabolizes to Dichlorvos, there is a concern that 
Dichlorvos may affect brain development, and that it may do so in ways not measured in standard 
developmental toxicity tests. The Food Quality Protection Act of 1996 mandates careful 
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consideration of the issue of special susceptibility. The rat developmental neurotoxicity study for 
Dichlorvos and for other organophosphate pesticides have been required by a September, 1999 
Data Call In Notice (DCI). The studies are due to be submitted by September, 2001. 

B. Product and Residue Chemistry Data Requirements 

GLN 860.1380: Storage Stability Data 

The Reregistration requirements for storage stability data are not fulfilled. Information 
pertaining to the storage intervals and conditions of samples of the following commodities, from 
studies that were reviewed in the Residue Chemistry Chapter of the Guidance Document, must 
be submitted: packaged and bagged raw agricultural commodities and processed food; bulk 
stored raw agricultural commodities; milk; eggs; and meat, fat, and meat byproducts of dairy 
cows and poultry. Alternatively, the registrant may demonstrate that there are sufficient residue 
data which are supported by storage stability data to support all registered uses ofDichlorvos. 

The available storage stability data indicate that residues ofDichlorvos are stable under 
frozen storage conditions for up to 90 days in/on plant commodities, up to 4.5 months in/on 
peanuts, and up to 8 weeks in animal commodities. 

GLN 860.1480: Meat, Milk, Poultry, Eggs 

The Reregistration requirements for data pertaining to this guideline topic are not 
completely fulfilled. A dermal magnitude of the residue study must be submitted for swine. No 
additional data are required for milk and edible tissues of ruminants, and for eggs and edible 
tissues of poultry. 

GLN 860.1500: Crop Field Trials 

The Reregistration requirements for crop field trial data on tomatoes are not satisfied, 
since interest in supporting this tolerance has been indicated. 

GLN 860.1520: Processed Food/Feed 

The Reregistration requirements for processing data on tomatoes are not satisfied, since 
interest in supporting this tolerance has been indicated. 

C. Occupational and Residential Exposure Data Requirements 

Outstanding exposure data requirements exist for greenhouse uses. For the greenhouse 
use, postapplication data are required. The Dichlorvos Registrant is a member of both the 
Agricultural Re-entry Task Force (ARTF) and the Outdoor Residential Exposure Task Force 
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(ORETF). These data have been called in under the generic Data Call In (DCI) for Agriculture. 
The following guideline studies are required: 
GDLN 875.2100 Foliar Residue Dissipation Study (replaces GDLN 132-l(a)) 
GDLN 875.2400 Dermal Exposure (replaces GDLN 133-3, Dermal Passive Dosimetry) 
GDLN 875.2500 Inhalation Exposure (replaces GDLN 133-4, Inhalation Passive Dosimetry) 

It is the Agency's understanding that the exposure monitoring studies for use of 
Dichlorvos in greenhouses is being conducted in conjunction with the Agricultural Re-entry Task 
Force (ARTF). However, the Registrant has not provided an anticipated date for submission of 
the greenhouse exposure monitoring data. 
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